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INTRODUCTION 

In  the  spring  of  1967  the  Assistant  Secretary  of  the  Interior,   the  Honorable  J.  Cordell  Moore, 
requested  the  National  Petroleum  Council  to  prepare  a  report  on  the  future  petroleum  provinces  of  the 
United  States.    The  NPC  Committee  on  Possible  Future  Petroleum  Provinces  of  the  United  States  was 
established  for  this  purpose  under  the  chairmanship  of  Otto  N.  Miller,    Chairman  of  the  Board,    Stand- 
ard Oil  Company  of  California  . 

Early  in  1968  an  Executive  Advisory  Committee  to  the  parent  committee  was  appointed  with 
Morgan  J.  Davis  as  chairman.     For  the  proposed  study,    the  country  was  divided  into  11  regions,    gen- 
erally on  the  basis  of  geologic  provinces,   and  a  coordinator  was  appointed  for  each  region.    A  Coor- 
dinating Subcommittee  was  set  up,    consisting  of  the  coordinators  for  the  various  regions,   with  Ira  H. 
Cram  as  chairman. 

Dr.  John  C.  Frye,    Chief  of  the  Illinois  State  Geological  Survey,   was  coordinator  for  Region  9, 
which  consists  of  the  Illinois  Basin,    the  Cincinnati  Arch,    and  the  northern  part  of  the  Mississippi 
Embayment  (fig.  1) .    A  task  force  to  study  the  future  petroleum  prospects  of  Region  9  was  selected. 
Members  were:    D.  C.  Bond,    Elwood  Atherton,   H.  M.  Bristol,    T.  C.  Buschbach,   and  D.  L.  Stevenson 
of  the  Illinois  State  Geological  Survey;  Leroy  E.  Becker  and  T.  A.  Dawson  of  the  Indiana  Geological 
Survey;  Ellis  C.  Fernalld,    Howard  Schwalb,   and  Edward  N.  Wilson  of  the  Kentucky  Geological  Survey; 
Anthony  T.  Statler  of  the  Tennessee  Division  of  Geology;  Richard  G.  Stearns  of  Vanderbilt  University; 
and  J.  H.  Buehner  of  the  Marathon  Oil  Company. 

This  task  force  began  its  study  in  June,   1968.    A  brief  summary  report  was  completed  in  the 
fall  of  1969  and  the  final  report  was  completed  in  the  spring  of  1970.     The  summary  report  is  incor- 
porated in    "Future  Petroleum  Provinces  of  the  United  States  -  A  Summary,  "  prepared  by  the  National 
Petroleum  Council's  Committee  on  Possible  Future  Petroleum  Provinces  of  the  United  States,   July, 
1970,    Ira  H.  Cram,    editor.    The  final  report  was  published  as  part  of  the  American  Association  of 
Petroleum  Geologists  Memoir  15,    Future  Petroleum  Provinces  of  the  United  States  -  Their  Geology  and 
Potential.    1971,    Ira  H.  Cram,    editor. 

According  to  the  report  of  the  task  force  (p.  1165,   v.  2,    Memoir  15),   the  best  prospects  for 
new  oil  production  in  Region  9  are:    (1)  sandstones  of  the  Chester  (Upper  Mississippian)  south  of  the 
Rough  Creek  Fault  Zone  in  southern  Illinois  and  western  Kentucky;  (2)  bioclastic  carbonates  of  the 
Mammoth  Cave-Knobs  (Middle  and  Lower  Mississippian,    Upper  Devonian),    especially  south  of  the 
Rough  Creek  Fault  Zone;  (3)  reefs  and  local  structural  traps  developed  in  carbonates  of  the  Hunton 
(Middle  and  Lower  Devonian,    Silurian)  in  the  Illinois  Basin  and  in  porous  zones  beneath  unconformi- 
ties at  the  top  of  and  within  the  Hunton  throughout  much  of  the  Region;  (4)  fracture- controlled  dolo- 
mitized  streaks  in  the  Ottawa  (Middle  Ordovician)  and  sandstones  near  its  base;  (5)  porous  dolomite 
associated  with  an  unconformity  at  the  top  of  the  Knox  (Lower  Ordovician,    Upper  Cambrian)  and  sand- 
stone lenses  and  solution  openings  within  the  unit;  and  (6)  sandstones  of  the  Potsdam  (Cambrian)  in 
the  southern  part  of  the  region,    especially  in  the  Rome  Trough.    The  deeper,    relatively  untested  sedi- 
ments in  Region  9  represent  about  half  of  the  total  volume  of  sediments. 

Although  the  report  was  rather  detailed,    some  members  of  the  task  force  were  not  completely 
satisfied,   for  two  reasons:     (1)    Because  space  was  limited,    some  detailed  information  had  to  be  omit- 
ted; and  (2)  Most  authors  were  reluctant  to  put  into  such  a  report  anything  of  a  speculative  nature. 
Therefore,    the  group  decided,    in  the  spring  of  1970,    to  hold  a  symposium  on  the  future  petroleum  pros- 
pects of  NPC  Region  9,    to  be  sponsored  by  the  Illinois,    Indiana,    Kentucky,   and  Tennessee  Geological 
Surveys. 

This  symposium  was  not  to  be  simply  a  rehash  of  the  report  of  the  task  force.  Rather,  it  was 
to  give  an  opportunity  for  task  force  members  to  present  information  that  could  not  be  included  in  the 
final  report.  Further,  an  attempt  was  to  be  made  to  have  other  qualified  persons  participate:  geolo- 
gists from  the  major  oil  companies  and  from  independent  oil-producing  companies  as  well  as  consulting 
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geologists.    New  information  and  new  ideas  and  concepts  were  to  be  emphasized  in  an  effort  to  gen- 
erate speculative  thinking  about  the  problem  of  exploring  for  oil  in  NPC  Region  9  .    To  paraphrase  an 
old  definition  of  research,   we  were  to   ".   .   .    look  where  others  had  looked  and  try  to  see  what  others 
had  not  seen. " 

A  symposium  committee  was  set  up  consisting  of  the  task  force  members,   with  D.  C.  Bond  as 
chairman.    D.  L.  Stevenson  served  as  chairman  of  the  arrangements  committee.     Elwood  Atherton,    T.  A. 
Dawson,   and  Howard  Schwalb  served  as  an  editing  committee  for  the  papers  presented  at  the  sympos- 
ium.    Elwood  Atherton  served  also  as  editorial  consultant  for  the  publications  associated  with  the 
symposium. 

Prior  to  the  date  of  the  meeting  (March  11  and  12,    19  71),   a  preprint  was  prepared,   consisting 
of  the  program  for  the  symposium,    the  abstracts  of  the  papers  to  be  presented,   and  the  texts  of  three 
background  papers  on  stratigraphic  setting,    structural  features,    and  tectonic  development  of  the  East- 
ern Interior  Region,    or  NPC  Region  9  .    The  preprint  was  sent  to  all  pre-registrants  and  was  given  to 
those  who  registered  at  the  meeting. 

After  the  prepared  papers  had  been  presented  at  the  symposium,   the  meeting  closed  with  round- 
table  discussions  of  the  petroleum  prospects  of  the  Illinois  Basin,    the  Cincinnati  Arch,   and  the  north- 
ern part  of  the  Mississippi  Embayment.    L.  L.  Sloss  was  the  moderator  for  these  discussions. 

The  present  "Proceedings"  volume,    Illinois  Petroleum  95,   contains  the  papers  that  were  pre- 
sented at  the  symposium  sessions,  certain  material  that  was  presented  during  the  panel  discussions, 
and  Professor  Sloss' s  summary  and  concluding  remarks.    A  supplementary  volume,    Illinois  Petroleum 
9  6,    contains  the  three  background  papers  originally  prepared  for  the  preprints,   a  list  of  selected  deep 
tests,   a  map  showing  the  locations  of  these  tests,   and  a  list  of  those  who  registered  for  the  symposium, 

In  the  papers  the  nomenclature  is  that  chosen  by  the  authors;  it  does  not  necessarily  follow 
the  accepted  usage  of  any  particular  state  geological  survey.    Of  course,   responsibility  for  accuracy 
of  information  and  for  conclusions  drawn  rests  with  the  individual  authors. 
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ECONOMICS,    POLITICS,   AND  PETROLEUM  EXPLORATION 

Frank  B.   Conselman 
Professor  of  Geosciences  and  Director, 
International  Center  for  Arid  and  Semi-Arid  Land  Studies 
Texas  Tech  University,   Lubbock,   Texas 

ABSTRACT 

This  paper  relates  the  oil  and  gas  potential  of  NPC  Region 9  (Il- 
linois Basin,  Cincinnati  Arch,  and  northern  part  of  Mississippi  Embay- 
ment)  to  the  overall  national  potential  as  estimated  in  the  recent  publi- 
cation, Future  Petroleum  Provinces  of  the  United  States.  Many  politi- 
cal and  economic  factors  apply  both  to  the  regional  and  national  abili- 
ty to  produce  the  oil  and  gas  reserves  believed  to  be  present  and  recov- 
erable. These  factors  are  discussed  in  the  context  of  our  present  situa- 
tion and  of  expected  developments.  Particular  reference  is  made  to  the 
implied  major  dependence  of  Region  9  on  oil  as  yet  undiscovered  to  be 
produced  from  Cambrian  and  Early  Ordovician  reservoirs,  and  some  skep- 
ticism is  expressed  as  to  the  actual  likelihood  of  obtaining  production 
approaching  the  current  estimates.  If  this  skepticism  is  justified,  it 
would  be  undesirable  to  divert  to  the  older  rocks  attention  that  could  be 
more  profitably  applied  to  exploration  in  the  younger  rocks. 

My  subject  is  "Economics,   Politics,   and  Petroleum  Exploration,  "  and  certainly  each  of  these 
components  is  a  lifetime  study  in  itself.    I  propose  to  discuss  them  as  they  interrelate  to  each  other, 
and  especially  as  they  apply  to  the  future  potential  of  the  National  Petroleum  Council1  s  Region  9, 
which  comprises  the  Illinois  Basin,  the  Cincinnati  Arch,   and  the  northern  part  of  the  Mississippi 
Embayment. 

Recently  I  served  on  the  Executive  Advisory  Committee  chaired  by  Morgan  Davis,  which  assist- 
ed the  main  NPC  Committee  on  Future  Petroleum  Provinces  that  undertook  the  study  and  prepared  the 
report.     My  own  contribution  was  negligible,  but  I  had  an  opportunity  to  participate  in  some  of  the  dis- 
cussions and  to  develop  or  renew  my  respect  for  the  leaders  of  the  project  —  particularly  for  Ira  H.  Cram, 
the  chairman  of  the  Coordinating  Sub- Committee.    The  Region  9  Coordinating  Sub- Committee,   under 
the  leadership  of  Dr.  John  C.  Frye,  was  made  up  of  outstanding  geologists  from  Illinois,   Indiana, 
Kentucky,  and  Tennessee.     Similar  standards  of  quality  prevailed  in  other  regions.    The  work  of  this 
nationwide  survey  group  is  obviously  subject  to  discussion  and  perhaps  to  argument;  the  compilers 
would  be  the  first  to  concede  the  tentative  and  speculative  nature  of  their  estimates.    Time  will  un- 
doubtedly establish  the  need  for  revision,  but  as  of  now,  this  represents  the  finest  available  pro- 
fessional evaluation  of  the  future  oil  and  gas  reserves  of  this  nation.    There  is  no  better  in  existence, 
and  will  not  be  for  years  to  come. 

In  order  to  place  the  District  9  situation  in  context,  I  should  like  to  quote  verbatim  from  the 
Introduction  of  this  report  (Cram,   ed.,    1970,   p.   1-2): 

The  ultimate  petroleum  potential  of  the  United  States  including  known  reserves 
and  past  production,   and  assuming  median  estimates  of  potential  and  60  percent 
recovery  of  720  billion  barrels  of  oil-in-place,   may  exceed  432  billion  barrels 
of  crude  oil,   1,543  trillion  cubic  feet  of  natural  gas,   and  49  billion  barrels  of 
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natural  gas  liquids.     The  amounts  that  will  be  discovered  are  not  ventured,   but 
if  discovered  and  produced,   future  production  of  crude  oil  would  be  346  billion 
barrels  (4.0  times  past  production);  future  production  of  natural  gas  would  be 
1,  195  trillion  cubic  feet  (3.6  times  past  production);  and  future  production  of 
natural  gas  liquids  would  be  38  billion  barrels  (3.5  times  past  production). 

The  trend  in  the  last  decade  of  devoting  a  declining  percentage  of  producing 
revenue  to  finding  and  developing  production  of  crude  oil  and  natural  gas 
has  resulted  in  a  drastic  decline  in  exploratory  and  development  drilling  which 
together  with  deemphasis  of  the  onshore  of  the  conterminous  United  States  is 
inimical  to  the  development  of  the  country'  s  enormous  petroleum  resources. 

To  the  extent  that  policies  of  industry  and  government  militate  against 
accelerated  exploration,  particularly  drilling,  a  high  percentage  of  the 
petroleum  resources  of  the  United  States  is  immobilized. 

These  comments  are  a  stark  and  succinct  summary  of  the  problem  now  confronting  us.    They 
say,   in  effect,   that  there  is  much  oil  and  gas  yet  to  be  found  and  produced  in  the  United  States,   pro- 
vided that  we  have  the  national  good  sense  to  make  it  possible  to  extract  it.    As  of  now,   there  is 
room  to  doubt  that  we  do. 

For  years  every  spokesman  for  the  oil  industry,   and  particularly  for  exploration,  has  been 
pointing  out  the  dangers  of  the  downward  trend  in  exploratory  effort.     Since  the  Suez  pseudo-crisis  of 
1957,   we  have  been  able  to  cite  the  statistics  of  decreased  geophysical  activity,  decreased  geologi- 
cal effort,  decreased  exploratory  hole  footage,  decreased  number  of  rotary  rigs  running,   and  de- 
creased re  serve /production  ratios.    We  have  had  no  problem  in  demonstrating  increased  cost  per  bar- 
rel of  new  oil.    There  has  been  no  problem  of  statistics,  but  there  has  been  a  problem  of  credibility. 
Public  apathy  and  political  demagoguery  have  produced  an  illusory  image  of  short-term  benefits  and 
have  neglected  the  vastly  more  important  dangers  of  the  predicament  in  which  we  now  find  ourselves. 

It  is  unfortunately  true  that  most  people  respond  only  to  pain —  their  own,   and  not  yours  and 
mine  —  and  the  general  public  will  have  to  feel  the  pinch  of  the  shortages  that  have  been  created  be- 
fore there  is  much  chance  for  help.    This  pinch  is  indeed  beginning  to  be  felt—  in  power  brownouts, 
in  unconnected  gas  customers  (especially  in  the  Chicago  area),   and  in  fuel  shortages.     Ironically, 
the  people  who  are  hurt  the  most  are  those  consumers  whose  congressional  representatives  have  been 
so  busy  "protecting"  them. 

The  shortages,  as  the  NPC  report  demonstrates,  are  not  the  result  of  the  exhaustion  of  our  re- 
serves.    Plenty  of  oil  and  gas  remains  to  be  produced,    for  present  needs,    if  there  is  an  incentive. 
But  our  political  bodies  have  tended  to  destroy  rather  than  build  such  an  incentive.    At  the  depth  of 
our  domestic  exploration  crisis,  with  all  signs  pointing  to  the  impending  reduction  of  foreign  crude 
availability,    Congress  has  proceeded  to  lower  the  statutory  depletion  allowance.    When  the  patient 
has  needed  a  transfusion,  our  politicians  have  resorted  to  bleeding,   a  technique  now  otherwise  dis- 
credited.    Neither    political  party  has  a  monopoly  on  short-sightedness,   selfishness,   or  stupidity. 
We  must  remember  that  the  natural  gas  de-regulation  bill  was  vetoed  during  the  Eisenhower  adminis- 
tration, thus  making  possible  the  pricing  fiasco  responsible  for  the  present  shortage  of  interstate  gas. 
While  some  of  the  most  strident  advocates  of  penalizing  the  oil  industry  have  been  "liberals"  from 
the  consuming  centers,  we  must  also  remember  that  Illinois  provided  one  of  the  leading  senatorial  ad- 
vocates of  reduction  of  the  exploration  incentive.    And  while  several  Democratic  administrations  have 
actively  advocated  reduction  of  the  depletion  allowance,   it  was  not  actually  voted  and  approved  until 
the  present  Republican  regime  took  office. 

It  appears  that  opposition  to  the  oil  industry  is  good  practical  national  politics.    A  Texas  sen- 
ator, who  later  was  elected  to  much  higher  office,   pithily  described  the  situation  as  far  back  as  1957 
when  he  told  a  group  of  us  who  visited  him  in  Washington:   "You  fellows  are  the  kiss  of  death  in  poli- 
tics.   The  oil  industry  is  about  as  popular  here  as  the  Sam  Insull  utilities  empire  of  Illinois  was  in  the 
Twenties.  " 

Many  of  us  don'  t  understand  why  this  should  be,   although  we  recognize  that  it  is  true.    As 
professionals  in  exploration,  we  know  what  our  problems  are;  we  realize  how  scanty  our  evidence 
usually  is;  we  appreciate  all  the  variables  and  all  the  risks;  and  we  recognize  our  own  fallibility. 
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We  know  we  need  help,   and  we  know  the  job  gets  tougher  the  farther  we  go.     Yet  we  find  that  it  is 
taken  for  granted  that  oil  can  be  found,   either  in  comic-strip  fashion  at  the  grass  roots,   or  by  use  of 
black  boxes  and,   particularly,   with  computers.     Many  pseudo-sophisticated  voters  will  tell  you  that 
the  computers  have  made  oil-finding  almost  automatic,    and  that  there  is  no  longer  any  problem,   if 
there  ever  was  one.     Professional  explorationists  regard  dry  holes  as  the  statistically  probable  out- 
come of  any  wildcat  effort;  the  general  public,  to  the  extent  they  are  aware  of  them,  assume  that  they 
represent  either  stupidity,   bungling,   or  fraud,   or  all  three. 

Even  at  the  lower  levels,   in  state,   county,   and  district  authorities,   the  oil  industry  still  is 
expected  to  bear  up  under  a  soak-the-rich  philosophy.     Then,  when  it  becomes  obvious  that  the  in- 
dustry is  groggy  and  on  the  way  out,   the  theory  becomes  let'  s-get-' em-while-they' re-still-here.    Of 
reasoning  such  as  this  are  shortages  born. 

What  is  so  poorly  understood  is  that  petroleum  exploration  is  in  fact  an  economically  distinct 
phase  of  the  petroleum  industry.    Integrated  companies  can  post  nice  earnings  as  a  result  of  their  re- 
fining operations  and  retail  sales,   while  the  producer  remains  barely  solvent.    In  no  other  industry 
can  a  single  major  organization  handle  all  phases,   from  raw  materials  to  finished  product,   from  the 
prospect  to  the  filling-station  pump.     Smaller  operators,  however,  must  restrict  themselves  to  specif- 
ic phases.    The  independent  domestic  producer  gets  little  comfort  from  profits  made  from  refined  prod- 
ucts, because  he  does  not  share  them. 

In  recent  years,  on  top  of  the  basic  economic  tax  burdens  and  the  political  prejudice  to  which 
the  industry  has  become  accustomed,  we  have  added  the  emotional  impact  of  public  hysteria  created 
by  the  oil  spills  offshore  and  by  tanker  mishaps.     "Waste,  "  "pollution,  "  "ecology,  "  and  "environ- 
ment"  are    catchwords,   and  occasionally  these  have  been  used  for  political  advantage,  or  by  well- 
meaning  but  overreacting  groups  who  understand  neither  the  problems  nor  the  solutions,  except  on  a 
disaster  basis.    A  definite  psychological  factor  has  developed  where  the  oil  industry  is  concerned. 
Having  succeeded  in  bringing  about  the  near-liquidation  of  the  domestic  onshore  industry,   it  now 
threatens  to  stagnate  the  offshore  industry  as  well.     Meanwhile,   tanker  rates  have  become  so  ex- 
pensive that  even  foreign  oil  will  have  periods,   as  at  present,   when  it  costs  more  than  available 
domestic  crude. 

The  warning  contained  in  the  NPC  report  is  thus  entirely  appropriate.   We  have  some  oil  and  some 
gas  left,   and  the  country  needs  them.    Whether  we  can  produce  them  depends  on  whether  we  are  allowed 
a  fair  price,   determined  by  fair  market  factors  of  supply  and  demand,   and  whether  the  public  can  re- 
strain its  present  emotional  binge  long  enough  to  determine  where  its  interests  really  lie.     Past  ex- 
perience makes  it  necessary  to  maintain  a  certain  skepticism  as  to  whether  and  when  this  can  be  done, 
short  of  industrial  disaster. 

Region  9  is  ideally  located  to  take  advantage  of  any  improvement  in  economic  and  political 
factors,  because  of  its  proximity  to  markets.    It  remains  to  be  seen  how  much  oil  and  gas  this  area 
can  produce.    Table  20  on  page  86  shows  that  Region  9  is  expected  to  produce  1.7  billion  barrels  of 
future  crude,  of  which  1.3  billion  barrels  is  expected  from  "Knox  and  Deeper,  "  i.e.,   the  Cambro- 
Ordovician.    This  worries  me,   and  I  hope  that  you  are  understating  your  potential  in  the  younger  Pale- 
ozoic, because  you  may  be  disappointed  in  your  older  reserves. 

During  the  past  thirty  years  I  have  devoted  considerable  attention  to  Cambrian  and  Lower  Ordo- 
vician  production,   and  quite  recently  I  have  visited  Hassi  Messaoud,   in  Algeria,  the  Cambrian  daddy- 
of-'  em-all,  which  has  produced  as  of  this  date  approximately  one  billion  barrels  of  crude.  I  doubt  very 
much  that  you  have  a  Hassi  Messaoud  in  Illinois,   and  the  record  to  date  is  certainly  not  encouraging. 
The  Illinois  Basin  has  yet  to  complete  a  discovery  in  the  older  beds,   and  the  Knox  unconformity  pro- 
duction farther  south  has  apparently  been  restricted  to  drainage  of  low-volume  fracture  systems. 

In  1965  I  had  the  privilege  of  addressing  the  Illinois  Oil  and  Gas  Association  as  regards  fu- 
ture oil  to  be  found  by  secondary  exploration.    At  that  time  I  discussed  the  Cambrian,   and  I  repeat 
my  remarks  now  because  I  think  they  still  apply.     I  said  at  that  time: 

It  has  become  quite  popular  among  some  of  our  leading  geologists  to  point  to 
the  great  unexplored  thicknesses  of  Cambrian  rocks  underlying  present  shal- 
low producing  zones,  and  waiting  to  be  explored.    It  is  pointed  out,   and  quite 
correctly,   that  some  of  these  older  dolomites  and  sandstones  have  excellent 
reservoir  properties. 


10  ILLINOIS     STATE    GEOLOGICAL     SURVEY     ILLINOIS     PETROLEUM     95 

However,  I  should  like  to  sound  a  note  of  caution  here.    The  finest  potential 
reservoir  is  of  no  value  to  the  oilman  if  it  lacks  commercial  amounts  of  oil. 
To  the  best  of  my  knowledge  —  and  I1  ve  been  interested  in  Cambrian  oil  for 
some  years  in  the  Mid- Continent,  the  Permian  Basin  and  the  Rockies  —  every 
commercial  occurrence  of  oil  in  Cambrian  rocks  is  related  to  an  erosional  un- 
conformity, or  to  faults  connecting  to  this  unconformity,   and  there  is  a  strong 
suggestion  that  almost  all,   if  not  all,   oil  found  in  the  Cambrian  orginated  much 
later,   and  migrated  into  Cambrian  porosity.    In  most  cases  other  pays  are  pre- 
sent up  the  hole.    From  both  theoretical  and  observational  standpoints,  the 
Cambrian  does  not  appear  to  have  had  a  sufficient  abundance  of  source  mate- 
rial to  provide  its  own  oil  in  economic  quantity.     Shows,   yes;  but  commerical 
barrelage,   no.    The  State  Geological  Survey  has  noted  the  scarcity  of  oil  shows 
in  Illinois  beneath  the  Galena.    I  know  of  no  case  where  Cambrian  oil  has  been 
found  after  big  water  has  been  encountered  in  undisturbed  lowest  Ordovician 
(Beekmantown)  dolomites.    It  takes  special  history  and  circumstances  to  put 
oil  in  the  Cambrian— faulting,  truncation,  or  deep  leaching. 

I  would  therefore  hesitate  quite  a  while  before  spending  my  exploration  budget 
in  probing  the  untruncated  beds  of  a  thick  Cambrian  sequence.     I  believe  a 
much  more  favorable  rate  of  return  for  wildcat —  or  tomcat—  money  can  be  ex- 
pected from  younger  parts  of  the  section.     Besides,  there  will  always  be  some 
stalwart  soul  who  thinks  all  Cambrian  is  Cambrian,  and  will  drill  a  hole, 
through  fresh  water  and  foul,   for  what  turns  out  to  be  science.    I  believe  in 
science,  but  it  comes  high  when  it  comes  deep.     Promoters  and  major  compa- 
nies can  safely  be  entrusted  with  Cambrian  exploration  in  the  Illinois  Basin  for 
the  time  being,   until  more  tangible  prospects  are  found  than  have  yet  been  re- 
ported.   It  may  be  that  the  Mt.  Simon  in  the  deepest  part  of  the  basin  will 
prove  to  be  an  excellent  place  for  disposal  of  radioactive  wastes.    If  you  can 
sell  this  idea,  you  can  use  the  information  for  oil-finding  elsewhere.    And 
it  may  lead  to  proving  that  the  necessary  special  relationships  actually  do 
exist,  and  that  there  is.  oil  in  the  Cambrian. 

I  realize  that  Ohio  unconformity  oil  in  the  top  of  the  Cambrian  has  created  emphasis  on  the 
possibility  of  deep  oil  elsewhere,   but  I  think  there  may  be  a  fallacy  in  equating  rock  volumes  with 
oil  recovery,  when  the  rocks  are  as  old  as  these.     The  finest  reservoirs  in  the  world,   whether  in 
sandstones,   limestones,   or  dolomites,  whether  in  closed   domes  or  stratigraphic  traps,    are  meaning- 
less from  the  reserve  standpoint  if  the  only  fluid  to  be  found  in  them  is  water.     Cambrian  formations 
did  not  themselves  produce  commerical  amounts  of  contemporary  oil;  there  were  no  faunas  or  floras 
of  a  type  sufficient  to  provide  oil  in  quantity.     It  is  true  that  small  quantities  of  oil,  apparently  con- 
temporary,  are  sometimes  found  in  these  older  rocks,  but  oil  is  sold  by  the  barrel  of  4  2  gallons,  each 
barrel  containing  168  quarts  and  thousands  of  tablespoons.    To  date  commercial  Cambrian  oil  appears 
to  have  been  derived  from  younger  formations.     It  is  not  more  likely  to  be  indigenous  than  crude  found 
in  granodiorites,   serpentines  and  syenites,   all  of  which  have  been  produced  economically  but  derive 
their  hydrocarbons  from  external  sources. 

On  the  other  hand,  I  am  intrigued  by  the  remaining  possibilities  in  the  Trenton,  and  in  undis- 
covered Niagaran  reefs.    I  think  the  Paleozoic  possibilities  of  the  faulted  rocks  below  the  Mississippi 
Embayment  are  exciting,   and  I  would  by  no  means  give  up  on  the  Devonian,  the  Mississippian,  or 
even  the  Pennsylvanian. 

If,   as  the  NPC  report  says,   there  are  432  billion  barrels  of  oil  left  in  the  United  States,   and 
if  Region  9  is  claiming  only  1.7  billion  barrels  of  it,   of  which  three-fourths  is  in  the  highly  specula- 
tive "Knox  and  Deeper,  "  then  it  is  obvious  that  Illinois  and  its  sister  states  will  remain  much  more 
closely  allied  to  the  consuming  than  to  the  producing  elements  of  society.    Yet  a  billion  barrels  of 
oil,  wherever  you  find  it,  is  not  to  be  scorned.     In  my  opinion,  there  will  indeed  be  much  deep  drilling, 
particularly  for  water  supply,   gas  storage,   and  water  or  waste  disposal.    If  in  the  course  of  this  ac- 
tivity you  run  into  a  Mt.  Simon  oil  field  of  enormous  size,   I  shall  try  to  be  the  first  to  congratulate 
you.     I  hope  that  every  barrel  you  produce  fetches  a  handsome  price,   because  you  will  need  and  de- 
serve every  penny  of  it. 
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I  remember  well  when  the  rigs  started  leaving  the  Permian  basin  for  Illinois  in  the  late  1930' s. 
At  that  time  Illinois  had  a  special  magic.    The  traditions  of  the  industry  run  deep  not  only  in  Illinois, 
but  in  Indiana  and  Kentucky,    and  even  in  Tennessee.    Nothing  would  be  more  appropriate  than  to  see 
a  rebirth  of  this  region.    The  country  needs  the  reserves,    and  this  is  a  remarkably  fine  central  loca- 
tion in  which  to  have  them.    Who  knows?  — there  may  yet  be  a  Chicago  offshore  activity.    In  any 
case,    it  is  good  common  sense  to  make  sure  that  we  have  not  overlooked  any  bets  or  generalized  our- 
selves out  of  any  important  specifics .    The  many  excellent  papers  that  your  program  committee  has 
arranged  for  this  symposium  provide  adequate  insurance  that  the  exploration  potential  of  Region  9  will 
not  be  neglected . 
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ABSTRACT 

The  United  States  is  faced  with  an  alarming  shortage  of  energy 
sources  in  practically  all  forms.  It  is  entirely  possible,  for  example, 
that  natural  gas  companies  will  soon  be  unable  to  deliver  sufficient  gas 
to  take  care  of  ever- increasing  domestic  demands.  Furthermore,  it  is 
no  secret  that  domestic  gas  and  petroleum  reserves  are  deemed  inade- 
quate to  take  care  of  our  long-term  internal  requirements . 

These  facts  highlight  our  need  to  find  additional,    and  sizable, 
sources  of  energy.    One  such  source  is  petroleum  reserves.    To  date, 
thebestmeans  of  improving  the  discovery  ratio  is  the  use  of  geophysics. 
The  strategic  location  and  favorable  geologic  and  economic  position  of 
the  NPC  Region  9  make  it  a  prime  target  area  in  which  to  search  for  new 
petroleum  reserves,    a  search  which  involves  the  use  of  geophysics. 

In  recent  years  there  have  been  many  advances  and  improvements 
in  the  art  and  science  of  geophysics  -  with  concomitant  increases  in 
cost.  The  advent  of  the  computer  age,  together  with  sophisticated  in- 
strumentation, playback  centers,  field  techniques  and  new  energy  sources 
for  seismic  energy,  has  provided  geophysics  with  new  discriminating 
and  resolving  power.  Areas  previously  considered  unworkable  now  yield 
good  and  usable  data;  the  Michigan  Basin  is  a  good  example  of  such  an 
area . 

One  of  the  relatively  new  developments  in  the  petroleum  explor- 
ation industry  has  been  the  use  of  exploration  data  as  a  form  of  explor- 
ation currency.  As  a  result,  there  is  now  a  vast  amount  of  exploration 
data  available  through  data  libraries  and  banks,  brokerage  arrangements, 
and  the  outright  selling  of  existing  data.  This  development  has  lowered 
exploration  costs  to  the  extent  that  many  areas,  previously  considered 
as  economically  marginal  because  of  high  exploration  costs,  have  be- 
come areas  of  interest. 

NPC  Region  9  offers  most  hope  from  deeper  pay  zones  (Cambro- 
Ordovician  limestones  and  dolomites;  Silurian  reefs;  Cambrian  sand- 
stone; Mississippian  reservoirs;  and  stratigraphic  traps).  Refined  ex- 
ploration techniques  such  as  those  which  have  been  used  successfully 
in  Michigan  hold  out  promise  for  mapping  these  deeper  targets. 
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INTRODUCTION 

The  United  States  is  faced  with  an  alarming  shortage  of  practically  all  minerals  that  can  be 
used  as  sources  of  energy.     For  example,   it  is  entirely  possible  that  natural  gas  companies  will  soon 
be  unable  to  deliver  sufficient  gas  to  take  care  of  ever- increasing  domestic  peak  demands.    Further- 
more,   it  is  no  secret  that  domestic  gas  and  petroleum  reserves  are  deemed  inadequate  to  take  care  of 
our  long-term  internal  requirements. 

These  facts  highlight  our  need  to  find  additional  and  sizable  reservoirs  of  minerals  and  petro- 
leum to  be  used  as  sources  of  energy.    The  strategic,    economic,    and  geologic  locations  of  the  NPC 
Region  9  result  in  it  being  a  prime  target  area  in  which  to  look  for  new  petroleum  and  mineral  reserves. 
To  date,   the  best  means  of  increasing  exploration  discovery  ratios  is  the  intelligent  use  of  geology 
and  geophysics . 

In  recent  years  there  have  been  many  advances  and  improvements  in  geophysics — with  con- 
comitant increases  in  cost.    The  advent  of  the  computer  age,    along  with  sophisticated  instrumenta- 
tion,   playback  centers,    field  techniques  and  new  sources  for  seismic  energy,    has  provided  geophysics 
with  a  new  discriminating  and  resolving  power.    Areas  previously  considered  unworkable  now  provide 
good  and  usable  data;  the  Michigan  Basin  is  a  good  example  of  such  an  area. 

One  of  the  relatively  new  developments  in  the  petroleum  exploration  industry  has  been  the  use 
of  exploration  data  as  a  form  of  exploration  currency.    This  development  has  resulted  in  a  vast  amount 
of  exploration  data  becoming  available  through  data  libraries  and  banks,    brokerage  arrangements,    and 
the  outright  selling  of  existing  data.    It  has  lowered  exploration  costs  in  some  areas  to  the  extent 
that  many  areas  previously  considered  not  feasible  because  of  high  exploration  costs  can  now  be  ex- 
plored . 


Gravity  coverage 
Seismic   coverage 


TENNESSEE 


Fig.  1  -  Available  seismic  and  gravity  coverage 
NPC  Region  9  and  vicinity. 


Exploration  data  have  been  made  avail- 
able in  the  NPC  Region  9  area  (fig.  1)  through 
various  means,  such  as  outright  sale  of  data, 
data  libraries,  and  data  trading.  The  immediate 
availability  of  the  data  has  considerable  advan- 
age. 


NEED  TO  USE  GEOPHYSICS 

The  seismic  method  has  provided  the  clas- 
sical approach  for  structural  mapping  within  all 
sedimentary  basins,  particularly  within  those 
such  as  occur  in  NPC  Region  9  where  glacial 
drift  forms  a  mantle  over  outcrops  (fig.  2).  The 
method  offers  the  additional  advantage  of  map- 
ping deep-seated  structures  that  may  be  masked 
by  unconformities.  Gravity  has  proved  to  be  an 
effective  tool  in  several  instances,  such  as  the 
detection  of  Silurian  reefs  on  the  flanks  of  the 
Cincinnati  Arch,  in  portions  of  the  Michigan  Ba- 
sin,   in  Ontario,   and  in  other  areas. 

There  are  several  factors  to  be  consid- 
ered in  the  use  of  the  new  and  much  more  expen- 
sive geophysical  methods.  The  first  considera- 
tion is  that  the  additional  expenditures  of  time 
and  money  must  be  completely  justified  by  ob- 
taining results  that  are  not  obtainable  by  more 
economical  means.  There  is  a  tendency  on  the 
part  of  those  technicians  in  charge  of  computer 
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and  playback  centers  and  instrumentation  to  become  so  engrossed  in  the  "massaging"  or  enhancing 
of  data  that  they  lose  sight  of  the  primary  purpose  of  the  exploration — that  is,    to  map  satisfactorily 
the  structural  conditions  that  lead  to  the  discovery  of  petroleum  or  other  minerals  or  to  determine  the 
structural  conditions  that  provide  a  solution  to  some  related  problem. 

In  many  cases  the  data  enhancement  merely  results  in  an  optical  improvement  of  the  data  for- 
mat presentation.    The  mere  visual  improvement  of  data  presentation  does  not,    in  any  way,    justify 
the  additional  expense  and  time  involved.    If  an  adequate  and  cheaper  means  of  obtaining  reliable 
data  is  available,    it  should  be  used.    Geophysical  crews  should  be  used  to  map  geology,    not  merely 
to  keep  a  high  capital-investment  computer  or  playback  center  busy. 

There  is  also  the  danger  that  in  the  effort  to  improve  the  signal-to-noise  ratio,   the  actual 
anomaly  being  sought  may  be  averaged  out. 

In  many  computer  and  playback  centers,   the  geophysical  data  exploration  decisions,    such  as 
data  corrections,   parameter  selection,   and  data  presentation,    are  made  by  men  educated  mainly  in 
mathematics,   electronics,    statistics,    and  probability.    Geophysical  interpretation  is  as  much  an  art 
as  it  is  a  science,   and  the  fundamental  interpretative  decisions  should  be  made  by  a  person  who  has 
a  background  in  both  exploration  and  geology. 

NPC  REGION  9 

The  entire  area  of  NPC  Region  9  is  in  what  can  be  termed  a  mature  state  of  petroleum  develop- 
ment.   That  is  to  say,    the  outstanding  and  prominent  structural  features  have,   for  the  most  part,   had 
at  least  a  preliminary  testing  and  are  either  producing  or  temporarily  abandoned. 

The  problem  now  becomes  how  to  discover  the  more  subtle  and  sophisticated  traps.    Some  of 
these  possibilities  are: 

1 .  The  Cambro-Ordovician  limestone  and  dolomite  structures  and  traps; 

2 .  Silurian  reefs; 

3.  Cambrian  sandstone  reservoirs; 

4.  Mississippian  sandstone  reservoirs; 

5.  Stratigraphic  traps. 

In  each  case  there  are  associated  parameters  that  can  be  measured  by  geophysical  means. 
However,  the  interpretation  of  many  of  these  anomalies  requires  a  very  exacting  analysis  and  the 
combination  of  as  much  geology  as  possible  with  geophysics. 

Reefs 

Exploration  in  other  areas  has  clearly  demonstrated  the  ability  of  recent  seismic  techniques 
to  map  below  the  glacial  drift.    Furthermore,   detailed  gravity  surveys  have  proved  extremely  useful 
in  reef  exploration  both  in  regional  mapping  and  in  detailed  surveying.    Inasmuch  as  reefs  become  a 
prime  target  in  this  Region,   we  are  interested  in  those  reef-associated  parameters  (fig.  3)  that  can  be 
detected  by  geophysics.    In  mapping  pinnacle  reefs,   very  detailed  control  may  be  necessary  because 
they  are  isolated  and  are  of  limited  extent. 

The  reef  possibilities  in  the  Silurian  section  will  be  considered  first.    Michigan  operators 
have  had  spectacular  success  in  locating  Silurian  reefs  in  northern  Michigan.    Testimony  presented 
to  Michigan's  Commission  of  Conservation  forecast  ultimate  recoveries  from  certain  Silurian  reef 
wells  as  high  as  90,  000  barrels  per  acre.    Shallow  reef  wells  in  the  St.  Clair-Macomb  Counties  area 
have  ultimate  economic  recoveries  on  the  order  of  $1,  000,  000  per  well  from  Silurian  reefs  at  drilling 
depths  of  less  than  2,  500  feet  and  well-head  prices  of  37$  per  Mcf  for  gas  and  $3.50  per  barrel  for 
oil.    Silurian  reefs  are  attractive  exploration  targets  in  geologically  similar  areas  of  NPC  Region  9. 

A  regional  map  (fig.  4)  covering  portions  of  NPC  Region  9  and  adjacent  areas  outlines  the 
outcrops  of  the  Silurian  rocks;  dots  show  the  presence  of  Silurian  reefs  along  the  outcrop. 

It  is  obvious  that  the  Silurian  seas  covered  a  large  portion  of  the  North  American  continent. 
Furthermore,   reefs  occur  along  the  outcrop  in  a  narrow  belt  that  rings  the  Michigan  Basin  and  partially 
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SURFACE 


Fig.  2  -  Typical  reef  or  anticline  obscured  by  glacial  drift. 
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SURFACE 


SURFACE 


Fig.  3  -  Typical  reef  with  associated  seismic  and  gravity  effects 
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Fig.  4  -  Regional  map  with  Silurian  outcrops.     (After  Cumings  and  Shrock,    1928,    fig.  44.) 


18  ILLINOIS     STATE     GEOLOGICAL     SURVEY     ILLINOIS     PETROLEUM     95 


V 


S  •  MARINE  ) 


\    J 


.••>- 


r> 


0  100 


200 

Z3 


Miles 


Silurian  outcrop 


•  Silurian  reefs 


Fig.  5  -  Regional  map  with  key  Silurian  reefs  in  surface  and  subsurface, 
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Fig.   6  -  Cross  section  through  the  Marine  pool.     (After  Lowenstam,    1948,   figs.   9  and  10;  published 
with  permission  of  the  American  Association  of  Petroleum  Geologists.) 
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East  Wapello  Pool    T21N  R3E     DeWitt  County,   llfinois 
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Fig.  7  -  Combined  geologic  cross  section  and 
gravity  profile,    East  Wapella  pool,    De 
Witt  County,    Illinois.     (Furnished  by 
Mr.  Craig  Ferris.) 


encircles  the  Illinois  Basin.  In  the  world  today, 
the  only  reef-building  that  compares  with  this 
Silurian  reef  deposition  is  that  of  the  Great  Bar- 
rier Reef  of  Australia . 

Much  information  regarding  the  subsur- 
face occurrence  of  key  Silurian  reef  s  in  Michigan 
(fig.  5)  was  available  to  oil  operators  priorto  the 
completion  of  the  Shell  No.  1  Horicon,  which 
really  kicked  off  the  current  Michigan  play.  Ex- 
amine the  subsurface  distribution  of  Silurian  reefs 
in  Michigan.  Note  that  these  reefs  occur  in  a 
ring  that  parallels  the  periphery  of  the  Michigan 
Basin.  But  more  important,  the  ring  where  reefs 
occur  also  parallels  the  known  outcrops  of  Silur- 
ian rocks  and  reefs.  It  is  logical  to  assume  that 
a  second  and  widespread  phase  of  reef  building 
occurred  in  Silurian  time  in  Michigan .  These  reefs 
are  now  being  developed  as  oil  and  gas  fields. 
Many  more  discoveries  will  occur  within  the  fair- 
way that  girdles  the  Michigan  peninsula. 

This  situation  and  this  line  of  thought  can 
be  extrapolated  to  the  Illinois  Basin.  Here  the 
presence  of  reefs  in  the  subsurface  leads  to  the 
conclusion  that  Silurian  reefs  should  be  an  at- 
tractive exploration  target. 

The  Marine  pool  (fig .  6)  in  Madison  Coun- 
ty, Illinois,  only  25  miles  northeast  of  St.  Louis, 
produced  from  Niagarandetrital  limestones  asso- 
ciated with  a  Silurian  reef  at  drilling  depths  of 
1,  750  to  1,  900  feet.  Marine  pool  has  produced 
almost  12,  000,  000  barrels  of  oil. 

East  Wapella  (figs.  7  and  8)  is  a  reef  field 
in  T21N-R3E,  De  Witt  County,  Illinois.  Data  and 
illustrations  for  this  pool  were  furnished  by  Mr. 
Oklahoma.    The  pool  covers  approximately  250  to 


Craig  Ferris,    E.  V.  McCollum  and  Company,    Tulsa, 
300  acres  and  produces  from  a  Niagaran  reef. 

The  combined  geologic  cross  section  and  gravity  profile  shows  several  diagnostic  features 
indicative  of  reefing.    Among  these  are: 

1 .    Draping  of  the  beds  overlying  the  reef  due  to  compaction; 

2  .    Thinning  of  the  overlying  beds; 

3 .  Structural  anomaly  on  top  of  the  Silurian  reef; 

4.  Positive  gravity  anomaly. 

The  Bouguer  profile  over  the  field  shows  a  deviation  from  the  regional  gravity  and  an  anomaly 
over  the  reef  caused  by  the  denser  mass  of  the  reef. 

The  structural  map  (fig.  8)  is  contoured  on  the  Cedar  Valley  Formation  overlying  the  East 
Wapella  reef.    At  this  level  there  is  more  than  60  feet  of  relief  along  the  line  of  section  A-A'  .    A 
comparison  of  the  structure  at  Cedar  Valley  level  and  the  attitude  of  the  No.  7  Coal  bed  that  occurs 
within  200  feet  of  the  surface  shows  that  there  is  evidence  of  the  reef  at  this  shallow  depth  (fig.  7). 
Similar  conditions  occur  at  Marine,   where  the  reef  is  evident  as  an  isopach  thin  between  the  reef  and 
overlying  formations.    Total  thinning  at  Marine  is  about  70  to  80  feet,   or  approximately  10  milliseconds 
At  East  Wapella  the  thinning  is  approximately  5  milliseconds. 

A  review  of  existing  geologic  data  and  seismic  and  gravity  information  in  the  Illinois  Basin  is 
in  order  to  determine  the  feasibility  and  economics  of  an  exploration  program  designed  to  isolate 
these  diagnostic  features. 

Tilden  North,   in  St.  Clair  and  Washington  Counties,    Illinois,   was  discovered  in  1968.    It 
produces  from  a  Silurian  reef  at  a  depth  of  2,  040  feet.    Fourteen  wells  are  now  producing  a  total  of 
about  14,  000  barrels  per  month.    Cumulative  production,    as  of  January  1,    1971,   was  356,  000  barrels. 
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Fig.  8  -  Structural  contour  map,    East  Wapella 
pool.    Datum:    Cedar  Valley  Formation. 
(Furnished  by  Mr.  Craig  Ferris.) 


The  Silurian  reef  production  from  Marine 
and  from  other  fields  in  Illinois  indicates  that 
similar  production  could  and  should  occur  in  other 
portions  of  the  Illinois  Basin  and  NPC  Region  9  . 
Sophisticated  geophysical  surveys  (both  gravity 
and  seismic),  along  with  detailed  stratigraphic 
studies  and  an  optimistic  exploration  philosophy, 
should  map  potentially  productive  Silurian  reefs 
at  relatively  shallow  drilling  depths  .  The  produc- 
tion history  of  the  Marine  pool  and  of  many  other 
Silurian  reefs  makes  these  features  particularly 
attractive  exploration  targets . 

The  Silurian  outcrop  pattern  (fig.  9)  serves 
as  a  guide  to  locating  areas  where  Silurian  reefs 
should  occur  in  the  subcrop.  Large  portions  of 
NPC  Region  9  are  considered  favorable  areas  for 
Silurian  reef  development.  Stratigraphic  and 
structural  studies  can  pin  down  the  reef  fairways; 
these  areas  should  parallel  the  basin  margins. 
The  abundance  of  existing  data — both  geologic 
and  geophysical — means  a  relatively  inexpensive 
initial  pha  se  of  an  exploration  program  that  should 
lead*to  the  discovery  of  oilfields,  each  contain- 
ing 5  to  10  million  barrels  at  relatively  shallow 
drilling  depths.  From  a  practical  standpoint  the 
most  favorable  reef  areas  appear  to  be  along  the 
flanks  of  the  Cincinnati  Arch  and  in  those  areas, 
such  as  Marine  pool,  where  known  reefs  produce 
at  shallow  depths.  It  is  logical  to  conclude  that 
reef-building  occurred  during  several  phases  in 
Silurian  time  and  that  more  than  one  reef  fairway 
or  belt  developed  as  the  level  of  the  Silurian  sea 
changed. 


Cambro-  Ordovician 


In  many  areas,  thick  sections  of  dolomite  occur  in  the  Cambro- Ordovician  carbonate  sequence, 
Similar  zones  produce  from  the  Arbuckle  of  Kansas  and  Oklahoma  and  the  Ellenburger  of  west  Texas. 

In  a  two-year  period  (1968-70)  approximately  thirteen  wells  in  eastern  Ohio  tested  the  Cambro- 
Ordovician  section.    Two  were  completed  as  gas  wells: 

1.  Tri-State  Producing  No.  1  Sell,    Center  Township,    Columbiana  County;  I.  P.  10,000 
Mcfgpd . 

2.  Ridge  Oil  Company  No.  1  Vessels,   Westland  Township,    Guernsey  County;  I.  P.  1,  000 
Mcfgpd  plus  salt  water;  subsequently  plugged  back  and  completed  in  the  Clinton  (Silurian) 
sand . 

Another  significant  Cambro- Ordovician  test  was  the  1-A  Smith  drilled  in  1959  by  Wiser  Oil 
Company,    Ohio  Fuel  Gas  Company,   and  East  Ohio  Company.    The  well  was  completed  for  1,  200 
Mcfgpd  from  perforations  between  5,  775  to  5,  790  feet.    In  a  ten-year  period,   according  to  the  Oil 
and  Gas  lournal.   the  well  has  produced  957,  000  Mcf,   or  at  present-day  prices,   over  $300,  000  gross 
income. 

East  Ohio  Gas  Company  tested  a  Cambro- Ordovician  seismic  structure  with  its  No.  1  Denny 
(fig.  10),   which  tested  14,  500  Mcfgpd.    Through  May  of  1970  the  well  had  produced  approximately 
50,  000  Mcf,    or  approximately  $15,  000  gross  income  at  30  <j>   per  Mcf. 
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Fig.  9  -  Areas  considered  favorable  for  Silurian  reef  development  (fine-lined  diagonal  pattern) 
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The  results  of  this  exploration  program  in 
Ohio  are  most  encouraging.  It  is  obvious  that 
the  Cambro-Ordovician  section  contains  and  will 
produce  hydrocarbons.  The  problem  is  to  come 
up  with  commercial  prospects,  and  a  combina- 
tion of  geophysics  and  geology  should  provide 
these  prospects.  The  authors  are  convinced  that 
in  time  important  reservoirs  will  be  found  in  the 
Cambro-Ordovician  throughout  much  of  the  NPC 
Region  9  .  Again,  detailed  studies  based  on  exist- 
ing information  should  isolate  the  more  favorable 
areas  .  Suitable  follow-up  exploration  will  serve 
to  pinpoint  drillable  prospects.  Many  areas  that 
experienced  a  disappointing  initial  exploration 
phase  — both  in  the  United  States  and  in  other 
countries — are  now  major  oil  provinces. 

Tennessee- Kentucky 

The  Tennessee- Kentucky  portion  of  NPC 
Region  9  has  a  relatively  thick  sedimentary  sec- 
tion with  recent  strikes  in  the  shallow  Missis- 
sippian  rocks  in  Scott  County,  Tennessee  (fig. 
11).  Cambro-Ordovician  reservoirs  should  pro- 
duce; and  in  many  areas  reefs  or  reef- like  features 

v*n    m     q^™<„  ™=    „v,  i  f  r     ..  are  present.      Again  the  team  of  geology-geo- 

lig.   10  -  Seismic  map  showing  location  of  East 

Ohio  Gas  Company  No.  l  Denny,  con-  physics  should  provide  the  answers  here. 

toured  on  Beekmantown.     (Adapted  from 
Ebright,    1970,    fig.   2;  published  with 
permission  of  Oil  and  Gas  Tournal. ) 

OTHER  APPLICATIONS  OF  GEOPHYSICS 

The  NPC  Region  9  is  a  district  in  which  the  use  of  geophysics  has  been  recognized  and  applied 
to  many  fields  other  than  petroleum  exploration.  Several  examples  might  be  cited  as  a  matter  of  inter- 
est. 

The  dense  population  of  the  Chicago  area  has  created  many  pollution  problems.    In  recent 
years  an  extensive  seismic  survey  has  been  completed  to  determine  the  depth,    attitude,    and  structural 
conditions  of  the  Niagaran  dolomite.    The  plan  is  to  bore  sizable  tunnels  through  the  dolomite  to  serve 
as  sewage  disposal  conduits. 

In  several  instances  seismic  logging  techniques  have  been  used  in  foundation  studies  to  deter- 
mine the  feasibility  of  building  major  dams  and  structures. 

Shallow  seismic  refraction  and  resistivity  studies  have  been  used  in  determining  such  infor- 
mation as  depth  to  bedrock,    location  of  gravel  deposits,   thickness  of  overburden,    and  location  of 
proposed  highway  routes. 


CONCLUSIONS  AND  RECOMMENDATIONS 


Man  is  slowly  coming  to  the  recognition  that  his  technical  advancements  can,   if  not  properly 
controlled,    provide  the  means  by  which  he  may  easily  destroy  the  very  environment  and  resources  that 
are  imperative  to  his  continued  existence.     Our  present  ecological  problems  are,   in  many  respects, 
due  to  the  incompletely  thought  out  planning  that  has  been  illustrated  by  the  American  industrial  com- 
plex.   On  the  other  hand,    the  existing  ecological  problems  are  peculiarly  vulnerable  to  the  very 
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Fig.   11  -  Location  of  Oneida  West  pool  in  Scott  County,   Tennessee,   and  relationship  to  regional  features. 
(Adapted  from  McCaslin,    1970.     Published  with  permission  of  the  Oil  and  Gas  Journal.) 

genius  that  created  them.     The  essential  step  in  solving  the  problems  is  to  understand  the  contribut- 
ing factors — and  this  we  do.    Now  action  is  needed.    This  need  can  be  summed  up  in  the  Biblical 
admonition,    "Physician,    heal  thyself .  " 

Geophysics  and  geology  offer  an  outstanding  possibility  to  contribute  to  this  solution  by 
efficiently  and  economically  providing  the  means  to  explore,   develop,    and  conserve  our  many  natural 
resources.    Not  only  that,   but  these  same  disciplines  can  be  utilized  to  help  solve  the  ecological 
problems . 

In  NPC  Region  9  a  study  of  geophysical  and  geological  data  already  in  existence  not  only  can 
provide  the  means  of  updating  and  reevaluating  known  petroleum  provinces,    but  it  can  also  provide 
the  means  of  extrapolating  new  concepts  and  information  into  heretofore  untested  areas  or  depths. 
The  strategic  economic  and  geological  location  of  NPC  Region  9  makes  the  development  of  new  petro- 
leum and  mineral  resources  imperative. 

The  intelligent  application  of  new  and  sophisticated  developments  in  geophysics  and  the 
application  of  new  geological  knowledge  offer  the  opportunity  to  explore  adequately  those  areas  that 
were  previously  considered  too  difficult  or  too  costly  to  explore.    These  innovations  may  also  provide 
the  means  of  recording  and  mapping  many  of  the  more  subtle  geological  conditions  that  are  so  essential 
to  the  discovery  of  new  mineral  and  petroleum  deposits  in  areas  of  mature  exploration  development. 

In  other  words,    today  we  have  the  availability  of  new  geological  information  and  concepts, 
also  highly  developed  and  capable  geophysical  instrumentation,    field  techniques,    playback  and  com- 
puter centers,    and  helpful  data  presentation  formats.    However,   there  is  still  no  substitute  for  the 
intelligence,    controlled  imagination,    and  honesty  so  essential  to  the  discovery,   development,    and 
conservation  of  our  natural  resources. 
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NPC  Region  9  offers  many  possibilities  for  future  production.     Several  potential  pay  zones 
are  present  over  most  of  the  region.    Imaginative  and  creative  thinking  about  exploration,   tempered 
with  realistic  and  sophisticated  exploration  techniques — both  geological  and  geophysical— should 
localize  commercial  propsects.     All  the  primary  requisites  for  the  accumulation  of  hydrocarbons  are 
present:  source  beds,   reservoirs,   and  traps.    A  significant  stimulus  to  exploration  is  the  immediate 
market  for  oil  and  especially  for  gas. 
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STRUCTURE-TEST  PROGRAMMING  IN  THE  MIDWEST 

Edward  E.  Rue 
Edw.  E.  Rue  Associates,    Mt.  Vernon,  Illinois 

ABSTRACT 

By  and  large,  most  of  the  rank  wildcat  wells  drilled  on  the 
fringes  of  existing  oil  and  gas  producing  areas  anticipate  the  entrap- 
ment of  oil  or  gas  under  closed  structures.  Not  that  the  geologists 
involved  are  forgetting  the  stratigraphic  trap;  there  simply  isn't  enough 
subsurface  control  for  this  sophistication  in  some  areas. 

The  old  coal  highs  have  for  the  most  part  been  drilled,  and  in 
the  sense  that  these  bore  holes  were  later  used  as  oil  and  gas  struc- 
ture tests,  much  oil  has  already  been  found  by  structure  testing  in 
the  Illinois  Basin. 

The  highly  successful  efforts  of  the  gas  utilities  companies 
in  finding  large  closed  structures,  primarily  by  structure-testing  pro- 
grams, are  evidence  that  sizable  structures  do  occur  over  wide  areas 
in  what  were  once  thought  to  be  generally  homoclinal  regions.  The 
gas- storage  structures  at  Pontiac,  Lake  Bloomington  and  Lexington 
are  good  examples.  Oil  has  been  found  as  a  result  of  gas-storage 
structure  testing  and  development  programs  at  Wapella  and  Tilden 
North  in  Illinois  and  at  Plummer  in  Indiana,  to  mention  a  few. 

The  structure  test  should  be  more  widely  accepted  for  oil  ex- 
ploration alone  and  not  utilized  only  when  someone  else  has  already 
paid  the  bill,  as  in  the  cases  of  the  coal  bore  holes  and  of  structure 
tests  drilled  by  the  public  utilities.  Certainly  it  is  worthwhile  and 
in  most  cases  cheap  insurance  to  know  that  one'  s  deep  and  expen- 
sive rank  wildcat  is  on  the  apex  of  the  structural  anomaly  tested. 
Quite  a  few  shallow  structure  tests  can  be  drilled  for  much  less  than 
a  second  deep  test,  or  a  third.  In  short,  thorough  structure  testing 
takes  the  guesswork  out  of  being  close. 

INTRODUCTION 

Since  the  structure  test  is  one  of  the  oldest  methods  known  for  finding  oil  and  since  this  meth- 
od or  tool  is  still  acounting  for  its  share  of  new  reserves,   why  isn'  t  it  more  widely  accepted  and  used 
as  an  oil-finding  tool?    One  reason  is  that  the  method  has  been  too  frequently  used  in  the  wrong  place 
with  poor  results,   thereby  discouraging  its  use  in  other,  more  favorable  areas.     In  central  Illinois, 
for  example,   at  least  two  major  companies  and  some  independents  drilled  a  large  number  of  structure 
tests  where  95  percent  of  the  most  prospective  reservoirs  were  stratigraphic  and  only  5  percent  were 
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structural.     So,    if  we  are  to  accept  and  use  the  structure  test  as  an  exploratory  tool,   we  need  to 
know  where  not  to  use  it  and  where  to  use  it.    To  keep  this  dissertation  on  the  positive  side,  one 
should  consider  the  "where  to"  and  "when"  aspects  of  structure  testing.     Notice  that  "when"  was 
added  to  "where  to".    This  is  because  the  geological  data  processing  and  preparation  is  half  of  any 
structure-testing  program. 

Perhaps  if  a  systematic  procedure  which  could  be  supplemented  by  other  workers  experienced 
in  structure-testing  programs  was  instituted,   enough  relevant  knowledge  could  be  accumulated  to 
call  structure  testing  a  science,  thereby  giving  this  tool  the  prestige  needed  for  more  widely  accepted 
use.    To  this  end,  I  will  venture  to  outline  procedures  which  necessarily  must  be  flexible  according 
to  the  desired  objectives  and  the  existing  data  in  a  particular  area.     Having  been  involved  in  several 
structure-testing  programs  in  the  past  ten  or  twelve  years,  I  have  inserted  under  the  various  sub- 
titles some  comments  based  on  personal  experience  in  hopes  that  others  will  add  more. 

THE  SCIENCE  OF  STRUCTURE  TESTING 

I.  GEOLOGICAL  DATA  PROCESSING 

When  the  decision  is  made  to  initiate  an  exploratory  effort  in  a  certain  region  or  even  a  local 
area,  one  should,   among  other  things,   determine  the  feasibility  of  structure  testing.    To  do  this,   two 
major  items  are  needed:    A.     Geological  data-point  tickets  on  every  bore  hole  and  well  in  the  area 
and  possibly  on  pertinent  outcrops,   and  B.    Regional  maps  of  a  scale  to  allow  ample  room  for  critical 
data  at  each  data  point. 

A.  Geological  Data  Points.     Before  the  proper  format  of  the  data-point  ticket  can  be  deter- 
mined,  a  thorough  geological  study  of  the  published  literature  on  the  area  must  be  made.     This  may 
include  separate  studies  on  water-well  data,   coal  data,   and  deep-well  information.     Past  experience 
indicates  that  the  shallowest  possible  markers  should  appear  on  the  ticket  along  with  the  optimum 
marker  bed  and  several  alternate  deeper  formations.    As  the  drilling  program  progresses,   it  is  some- 
times useful  to  take  a  few  holes  to  an  intermediate  or  deeper  formation  after  the  general  configuration 
of  the  structure  is  indicated  by  the  shallower  drilling. 

It  is  important  to  utilize  each  data  point  to  the  maximum  and  at  the  same  time  be  able  to  dis- 
card unreliable  data.     From  this  standpoint,   all  markers  put  on  the  data-point  tickets  should  be  graded. 
"A"  is  for  an  electric  log  formation  top  with  a  reliable  field  elevation.     Three  or  four  more  grades  for 
questionable  information  are  desirable. 

Since  most  geological  data  are  interpretive,   it  is  mandatory  that  geologists  themselves  ex- 
tract these  data  from  whatever  source  they  are  gathered.    It's   no  job  for  a  draftsmen  or  even  the  best 
looking  secretary,   however  talented.    They  come  into  the  picture  later  in  typing  the  extracted  data 
and  plotting  it  on  the  regional  maps. 

B.  Regional  Maps.     While  the  secretaries  and  draftsmen  are  typing  and  plotting  and  after 

the  initial  research  of  the  literature  is  completed,  the  geologists  should  concentrate  on  the  structural 
grain  of  the  area  and  also  on  the  relationships  of  the  shallow  markers  to  target  horizons,   particularly 
in  heavily  drilled  localities  in  or  adjacent  to  the  area  under  investigation.     If  the  extraction  of  raw 
data  is  interpretive,  the  contouring  of  a  new  regional  map  is  positively  creative. 

II.  THE  DRILLING  PROGRAM 

From  here  on,  the  purpose  of  a  structure-testing  project  is  to  prove  or  disprove  these  creations 
or  prospects  with  structure-test  holes.    Economics  dictates  that  this  be  done  with  as  few  structure 
tests  as  possible.    One  of  the  worst  things  that  can  happen  is  to  drill  two  low  holes  with  one  in  be- 
tween that  runs  100  feet  higher  than  the  others  and  then  to  follow  that  great  trend  up  regional  dip  for 
fifteen  or  twenty  miles  trying  to  find  a  saddle. 

A.     How  Many  Holes  to  Drill.    With  the  last  described  possibility  in  mind,   it  behooves  the 
geologist  to  determine  just  how  many  holes  will  be  drilled  on  an  individual  prospect  before  going  on 
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to  the  next  prospect.     To  determine  a  stopping  point  on  a  project  before  it  is  ever  started  may  seem 
like  a  negative  approach  when  discussing  your  proposals  to  management;  however,   this  forewarning 
frequently  eases  the  later  announcement  of  the  decision  to  go  to  the  next  prospect.     Primarily,   though, 
it  helps  prevent  a  case  of  "one-more-hole-itis.  " 

B.     Location  of  Test  Holes.     There  are  several  theories  on  how  to  locate  the  first  test  holes 
on  an  individual  prospect  after  its  location  has  been  predicted  from  regional  mapping.     A  common 
grid  system  on  1-mile  spacing  may  be  desirable  but  is  usually  economically  unfeasible.     The  other 
end  of  the  spectrum  would  be  to  delay  the  location  of  any  subsequent  test  until  the  results  of  the 
previous  tests  are  known.     This  last  method  calls  for  close  geological  supervision  in  the  field,   but 
the  additional  expense  is  usually  much  more  than  offset  by  the  savings  in  the  total  number  of  holes. 

A  rational  procedure  which  suits  the  varying  cost  factors  for  the  prospective  area  is  called 
for.  I  personally  prefer  the  "Axis-Saddle-Apex"  method  of  locating  tests  on  a  particular  prospect. 
This  involves: 

1.  Drilling  three  or  four  tests  at  right  angles  to  the  axis  of  the 
suspected  structure  to  determine  the  position  of  the  true  axis,   then 

2.  Locating  tests  up  regional  dip  along  the  suspected  axial  plane  to 
locate  the  saddle,   then 

3.  As  soon  as  one  of  the  saddle  tests  has  proven  the  desired  reversal, 
locate  tests  to  determine  the  apex  of  the  structure,   and 

4.  If  the  project  is  successful  to  this  point,   additional  holes  can  be 
located  to  define  the  general  area  of  closure. 

In  all  cases,   wells  that  have  already  been  drilled  in  the  area  should,   if  possible,   be  fit  into 
the  pattern  in  order  to  reduce  the  total  number  of  new  holes.     From  the  foregoing,  it  can  be  said  that 
with  the  highest  degree  of  success  the  total  number  of  holes  to  prove  a  structure  by  the  "ASA"  method 
would  be  five,   minus  the  number  of  previously  drilled  holes  that  were  utilized.    It  always  takes  more 
than  this  in  actual  practice. 

CONCLUSION 

Much  more  could  be  added  to  this  general  outline  for  programming  a  structure-testing  project. 
The  economic  feasibility  of  such  a  project  can  be  determined  only  after  thorough  studies  of  the  area 
in  question  have  been  made.     My  hope  is  that  more  companies  will  consider  these  studies  as  part  of 
their  exploration  plans.     Certainly  it  is  worthwhile  and  in  most  cases  cheap  insurance  to  know  that 
one'  s  deep  and  expensive  rank  wildcat  is  on  the  apex  of  the  structural  anomaly  tested.     Quite  a  few 
shallow  structure  tests  can  be  drilled  for  much  less  than  a  second  deep  test,   or  a  third.     In  short, 
structure  testing  takes  the  guesswork  out  of  being  close. 

ACKNOWLEDGMENTS 

The  writer  is  indebted  to  Mr.  Neilson  Rudd,   who  assisted  in  defining  some  large  structures 
in  Randolph  County,   Illinois,   in  1958-59;  to  various  bankers  and  oil  operators  who  gave  financial 
assistance  in  defining  structures  in  Adams  County,   Illinois,   in  1962-63;  to  Mr.  Adolph  U.  Honkala 
and  the  Dundee  Cement  Company  for  experience  gained  in  Pike  County,   Missouri,    in  1964-65;  to 
Mr.  Lloyd  Antonides  and  Parsons-Jurden  Corporation  for  experience  gained  in  La  Salle  County,   Illinois, 
in  1969;  and  particularly  to  Mr.   Robert  Ryan  and  the  Central  Illinois  Light  Company  for  entrusting  me 
with  a  structure-testing  program  in  24  counties  in  central  Illinois  in  1970-71,   and  to  Mr.  John  Lester, 
Mr.  Charlie  Tucker  and  Mr.   Merle  Williams  for  their  help  and  assistance  in  the  latter  program. 


NPC  REGION  9:  ILLINOIS  BASIN,    CINCINNATI  ARCH,    AND 
NORTHERN  PART  OF  MISSISSIPPI  EMBAYMENT  — WHAT  PETROLEUM  POTENTIAL? 
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ABSTRACT 

Some  have  assumed  that  the  amount  of  undiscovered  petroleum  in 
the  Illinois  Basin  and  environs  is  insignificant.  This  assumption  is  here 
rejected,  and  the  petroleum  potential  is  discussed  with  optimistic  gen- 
erality. Most,  if  not  all,  of  the  ideas  advanced  about  potential  zones 
and  areas  are  fairly  familiar  to  the  industry.  It  is  believed,  however,  that 
they  should  be  presented  to  this  scholarly  and  knowledgeable  group  in  an 
attempt  to  promote  an  organized  and  coherent  approach  to  future  explora- 
tion. Exploration  possibilities  to  be  discussed  include  Ordovician  car- 
bonates and  sandstones  on  the  flank  of  the  Cincinnati  Arch;  pre-Carbon- 
iferous  rocks  associated  with  the  Southern  Illinois  Fault  Complex;  Ordo- 
vician dolomites  and  sandstones  on  the  northeast  flank  of  the  Illinois  Ba- 
sin; Devonian  and  Silurian  sandstones,  reefs,  and  inter-reef  carbonates 
on  the  north  flank  of  the  Illinois  Basin;  pre-Pennsylvanian  rocks  south 
of  the  Cottage  Grove-Shawneetown  Fault  Complex  in  southern  Illinois; 
and  briefly,   the  upper  part  of  the  Mississippi  Embayment  area. 

INTRODUCTION 

The  intent  of  this  "paper"  is  to  outline  several  ideas  about  exploration  potential  which  should 
invite  more  thorough  treatment  via  round-table  discussion. 

It  is  inconceivable  that  the  region  being  dealt  with  in  this  symposium  has  yielded  all  of  its 
significant  reserves  of  hydrocarbons  that  were  trapped  in  the  multitudinous  zones  and  traps  created 
throughout  geologic  time. 

The  following  sub-regions  are  discussed  in  the  full  knowledge  that  a  great  deal  of  exploration 
has  already  taken  place  in  most  of  them.  It  is  common  knowledge,  also,  that  many  major  fields  have 
been  discovered  in  areas  considered  by  many  to  have  been  completely  explored  and  "condemned." 
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DISCUSSION 

The  ensuing  discussion  takes  up  several  ideas  without  necessarily  implying  relative  importance 
by  the  order  of  listing. 

A.      INTERIOR  BASIN  AND  CINCINNATI  ARCH 

1.  On  the  west  and  northwest  flanks  of  the  Cincinnati  Arch,   an  area  involving  northwest 
Kentucky,   southeast  Indiana,   and  southwest  Ohio,   the  Upper  Ordovician  strata  possibly 
merit  some  attention. 

There  have  been  numerous  gas  shows  and  "blow-outs"  from  fossiliferous  limestones  of 
the  shallow  Cincinnatian  Series.     The  Cynthiana  and  its  equivalents  indicate  possible 
petroleum  or  larger  gas  potentials  from  nearshore  carbonate  build-ups  or  on  flanks  of 
pre-existing  structural  platforms.    These  porous  limestones,   intercalated  with  gray 
marine  shales,   are  better  developed  on  broad  arches  where  seas  were  shallow  in  Late 
Ordovician. 

2.  The  northwest  flanks  of  the  Cincinnati  Arch  and  the  Nashville  Dome  involve  post-Knox 
erosion  and  subsequent  deposition  of  erratic  Chazyan  sandstones  of  excellent  reservoir 
quality.     These  sandstones,   referred  to  as  St.   Peter,   are  in  turn  overlain  by  shales, 
limestones,   and  dolomites  of  the  Chazyan  Series  and  may  come  into  their  own  with  in- 
tensified search  for  stratigraphic  trap  accumulations. 

3.  The  Shawneetown- Rough  Creek  Fault  Complex  has  been  explored  to  some  extent,   but 
considerable  potential  still  exists.    This  is  an  area  where  fault  blocks  and  drag  folds 
have  affected  numerous  potential  reservoir  strata,  which  have  been  subjected  to  only 
a  sparse  amount  of  drilling. 

Exploratory  objectives  in  this  area  include  Mississippian  strata,  Devonian  sandstone, 
Trentonian  and  Chazyan  dolomites  along  fracture  zones,  and  Cambro-Ordovician  sand- 
stones and  dolomites. 

4.  The  Mt.   Carmel  Fault  Trend  in  south-central  Indiana  has  had  some  exploration  and  has 
had  substantial  gas  shows  along  with  some  oil  production.     The  fault  cuts  through  the 
Cambro-Ordovician  section,   where  maximum  sand  development  occurs.     Possible  dolo- 
mitization  of  Trenton  limestones  along  the  trend,   along  with  fracture  zones  in  the  under- 
lying section,  could  result  in  sizable  gas  accumulation  here. 

5.  One  of  the  most  intriguing  and  inviting  prospective  areas  in  the  region  is  located  on  the 
northeast  flank  of  the  Interior  Basin. 

Cambro-Ordovician  dolomites  and  sandstones,   truncated  and  then  overlapped  by  the 
Chazyan  and  Black  Riveran  shales,   limestones,   and  dolomites,   could  contain  strati- 
graphic  hydrocarbon  accumulations  of  major  proportions. 

The  size  of  untested  positive  features,   along  with  the  thickness  and  reservoir  quality 
of  the  prospective  zones,   makes  it  possible  to  visualize  potentials  of  up  to  200,000 
barrels  per  well  at  depths  of  less  than  3,  000  feet. 

Compare  the  section  and  the  geologic  history  of  this  area  with  the  Morrow  County, 
Ohio,   fields,  which  had  wells  in  much  less  attractive  reservoirs  on  more  restricted 
anomalies  and  still  produced  in  excess  of  450,  000  barrels  per  well  at  a  depth  of  about 
3, 100  feet. 
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6.  The  flanks  of  the  Sangamon  Arch  (the  name  applies  to  a  buried  and  tilted  anticline) 
have  been  producing  for  quite  some  time  from  Silurian  and  Devonian  erosional  rem- 
nants and  wedges  overlain  unconformably  by  the  Kinderhook  and  New  Albany  shales. 

It  is  believed  that  many  other  erosional  remnants,   along  with  Middle  Devonian  detritus 
zones,  will  be  found  to  be  productive  along  extensions  of  the  arch  trend.    In  addition, 
it  is  quite  likely  that  the  non-eroded  Silurian  reefs  and  Devonian  dolomites,   along  with 
Cambrian  and  Ordovician  dolomite,   limestone,   and  sandstone  reservoirs,  will  be  found 
productive  as  the  result  of  structures  only  secondarily  involved  with  the  Sangamon 
Arch  tectonism. 

7.  Another  inviting  concept  is  brought  to  mind  by  observation  of  the  fact  that  the  Devonian 
Geneva  Dolomite  wedges  out  westward  from  the  Illinois  Basin  proper  toward  the  west 
flank  of  the  basin.    It  may  be  prospective  itself  south  of  the  Sangamon  Arch,   but  one 
wonders  also  about  the  position  of  the  Marine  pool  reef  relative  to  the  more  eastern 
zero  line  of  the  Geneva  Dolomite. 

8.  Around  the  south  end  of  the  Mississippi  River  Arch  and  coincident  with  the  northwest 
flank  of  the  Illinois  Basin  is  an  extensive  area  underlain  by  the  erratic  Hoing  Sandstone 
of  basal  Middle  Devonian  age. 

The  Hoing  Sandstone  is  an  unconformity  sand  which  produces  from  a  stratigraphic  trap 
in  the  Colmar- Plymouth  field.    Available  statistics  show  that  4.5  million  barrels  of 
39°  gravity  oil  was  produced  from  8  feet  of  Hoing  at  depths  of  about  450  feet. 

There  is  much  more  sand  in  the  general  vicinity,   and  it  seems  unlikely  that  all  of  the 
oil  trapped  in  this  zone  has  been  found.    Additional  incentive  here  is  the  fact  that  the 
Siluro-Devonian  section  is  of  excellent  reservoir  quality. 

9.  In  southern  Illinois,    south  of  the  Shawneetown  Fault  complex,   west  of  the  Hicks  Dome 
mineralized  area,   and  bordered  on  the  west  by  the  Ozark  Uplift,   lies  a  large  area 
which  is  only  beginning  to  be  noticed  by  some  of  the  industry.     Personal  involvement 
with  the  area  led  to  its  designation  as  the  Big  Muddy  Prospect  inasmuch  as  the  Big 
Muddy  River  roughly  bisects  a  1,000-square  mile  area  in  Williamson,  Union,    and 
Johnson  Counties. 

It  may  be  of  some  value  to  compare  this  area  with  the  productive  area  of  Kentucky 
south  of  the  Rough  Creek  Fault  Zone  and  east  of  the  Hicks  Dome  mineralized  zone. 

The  sub-sea  3,000-foot  contour  line  at  the  base  of  the  New  Albany  Shale  passes  through 
Williamson  County,   Illinois,    and  through  Hopkins  County,   Kentucky.     The  two  counties 
mentioned  lie  just  north  of,   and  in  the  same  relation  to,   the  Mississippian  outcrops. 
Structural  and  stratigraphic  similarities  abound,   including  the  fact  that  sandstones, 
such  as  the  Cypress,   have  more  than  100  feet  of  good  porous  section  in  the  Big  Muddy 
Area. 

The  stratigraphic  section  of  the  Mississippian  in  this  area  is  virtually  identical  with 
that  of  the  Kentucky  area,   yet  exploration  in  Illinois  lags  while  in  Kentucky  three  eras 
of  activity  have  resulted  in  extremely  profitable  discoveries. 

It  would  be  presumptuous  to  dwell  upon  the  pre-Mississippian  reservoir  possibilities 
with  this  audience,   but  suffice  it  to  say  that  four  wells  penetrating  this  section  are  not 
considered  sufficient  to  evaluate  the  area. 
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Almost  all  productive  provinces  have  been  condemned  for  impressive,    scholarly  reasons 
before  they  have  been  accepted  as  worthwhile  areas  of  interest.     The  Big  Muddy  Area 
will  probably  fall  into  this  category. 

10.  Along  the  north  flank  of  the  Illinois  Basin,   where  an  intelligent  approach  led  to  the  dis- 
covery of  the  Wapella  East  field,    a  vast  amount  of  acreage  awaits  a  coordinated  ex- 
ploratory effort  to  find  similar  accumulations  at  shallow  depth. 

A  5  0-mile  wide  area,   convex  to  the  north  and  extending  from  Brown  County  on  the  west 
to  Douglas  County  and  the  La  Salle  Anticline  on  the  east,  lies  waiting  for  the  strati- 
graphic  drilling  programs  that  should  isolate  the  prospects  in  Silurian  dolomites,   De- 
vonian conglomerates  and  sandstones,   and  the  Prairie  du  Chien  and  Trempealeau 
sections. 

11.  In  another  area  about  50  miles  wide,   extending  from  Henderson  County,  Illinois,  on 
the  west,  to  Benton  County,    Indiana,   on  the  east,    numerous  hydrocarbon  shows  have 
been  encountered  in  the  shallow,   dolomitized  Trenton  (Galena)  limestones.    The  arc 
described  lies  roughly  adjacent  to  and  parallel  to  the  northern  limit  of  the  New  Albany 
Shale.    It  is  conceivable  that  miniature  Scipio-type  fields  may  be  found  at  shallow 
depth,   where  the  Chazy  and  Shakopee  sandstones  and  dolomites  may  also  be  prospec- 
tive. 

12.  Recent  gas  discoveries  from  the  Cambrian  Rome  Formation  in  Kentucky  lend  considerable 
credence  to  the  excellent  evaluation  of  the  deeper  possibilities  of  the  Illinois  Basin 
done  by  the  Illinois  Geological  Survey  some  years  ago.     Additional  support  has  been 
encountered  in  recent  deep  drilling  in  southeastern  Missouri,   western  Kentucky,   and 
Tennessee.     It  is  considered  highly  probable  that  gas,   gas  condensate,   and  light- 
gravity  crude  oil  may  be  encountered  in  major  volumes  in  the  structures  of  the  deeper 
parts  of  the  Illinois  Basin. 

The  zones  most  likely  to  be  the  potential  objectives  are: 

(a)  sandstones  and  dolomites  of  the  Eau  Claire; 

(b)  dolomites  of  the  Dutchtown  and  Joachim  sections; 

(c)  the  oolitic,   algal,   and  conglomeratic  zones  of  the  Platteville,   with 
emphasis  upon  the  southern  fringe  of  the  basin  deep; 

and  (d)  sandstones  of  the  Everton  and  the  St.   Peter. 

B.       UPPER  MISSISSIPPI  EMBAYMENT 

1.  The  Pascola  Arch,    located  in  southeastern  Missouri,   northeastern  Arkansas,    and  western- 
most Tennessee  and  Kentucky,   is  a  southeast  extension  of  the  Ozark  Uplift  and  is  over- 
lain by  Cretaceous,   Tertiary,   and  Quaternary  strata. 

Southeast  of  a  saddle  separating  the  arch  from  the  uplift,   the  Bonneterre  (Eau  Claire), 
in  the  lower  part  of  the  Upper  Cambrian,  was  cut  into  by  pre-Mesozoic  truncation. 
More  than  1,  000  feet  of  sandstones  and  gray  clay  zones  of  Cretaceous  age  overlap  the 
arch  and  thus  mask  the  lower  Paleozoic  subcrop  pattern  of  truncated  dolomite,   lime- 
stone,  and  sandstone  reservoirs. 

Several  shows  have  been  reported  from  both  Paleozoic  and  Cretaceous  strata  in  wells 
drilled  in  the  area.     The  shows  appear  to  have  been  more  numerous  in  the  Cretaceous 
rocks.     Limited  evidence  of  faults  affecting  Cretaceous  rocks  indicates  that  the  faults 
are  sub-parallel  to  the  pattern  of  Ozark  Uplift  faults  having  important  strike-slip 
components. 
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It  is  conjectured  here  that  fault  blocks  and  truncated  folds  of  the  Paleozoic,    coupled 
with  channel  and  bar  type  sands  of  the  overlapping  Cretaceous  sediments,    should 
provide  both  reservoirs  and  trapping  mechanisms  sufficient  for  commercial  hydrocar- 
bon accumulations. 

2.  The  Cretaceous  sediments  lying  along  the  "Fall  Line"  separating  the  Paleozoic  rocks 
from  the  younger  strata  in  Arkansas  may  be  the  sleeper  here.    The  Carboniferous  sand- 
stones are  not  to  be  ignored,  however. 

In  Arkansas,   primarily,  the  part  of  the  upper  embayment  of  most  personal  interest  is 
in  Woodruff,   White,   and  Jackson  Counties.     This  area  is  at  a  juncture  of  extremely 
different  environments  associated  with  the  Arkoma  Basin  on  the  west,  the  Pascola 
Arch  on  the  northeast,   and  the  Desha  Basin  to  the  southeast. 

Transgressive  post-Paleozoic  seas  received  beach  sands  largely  derived  from  the  early 
Paleozoic  sandstones,  which  were  coarse  and  rounded.    It  is  conceivable  that  beaches, 
bars,   and  channels,   the  geometry  and  geography  of  which  were  influenced  by  the 
ridges  of  Paleozoic  rocks,  may  be  replete  with  stratigraphic  traps.    At  the  same  time, 
the  Pennsylvanian  and  Mississippian  sandstones  may  quite  likely  be  productive  from 
structural  and  stratigraphic  traps  buried  by  impermeable  Cretaceous  strata. 

3.  The  north  flank  of  the  Desha  Basin,  which  has  a  similar  history  and  where  the  folds  of  the 
Ouachita  Mountain  System  have  been  covered  by  the  post-Paleozoic  strata,   should 
provide  the  same  type  of  trapping  mechanism. 

SUMMARY 

In  summary,   it  is  easy  to  ramble  on  in  generalities.     To  find  hydrocarbons,   however,   requires 
imagination,   knowledge,   documentation,  finance,   and  "guts." 

Undoubtedly,   these  concepts  and  many  more  have  occurred  to  most  of  the  people  involved  in 
this  symposium.    Discussion  of  concepts  by  and  with  others  in  the  industry,   however,   may  give  the 
ideas  some  degree  of  respectability.    If  so,  the  first  step  in  accomplishing  the  mission  of  this  sym- 
posium has  been  taken,   and  further  research  may  prove  some  of  these  concepts  profitable  to  the  in- 
dustry and  to  the  country.     That,   after  all,   is  the  main  purpose  of  this  type  of  "philosophizing." 

When  the  philosophizing  has  been  accomplished  and  generalities  must  be  replaced  by  spe- 
cific action,   what  recommendations  are  in  order? 

It  is  deemed  a  fair  question  to  ask  the  "talker"  —  how  does  one  implement  specific  action  to 
accomplish  profitable  objectives? 

Personal  experience  and  training  in  the  science  of  geology  lead  one  to  urge  that  the  first  step  should 
be  intensive  and  specific  study  of  the  stratigraphic  and  structural  data  available  from  the  surveys 
and  the  industry.     Some  of  this  has  been  done,  but  it  is  believed  that  more  comprehensive  areas  need 
to  be  mapped  so  that  individual  producing  zones  may  be  seen  in  their  relationship  to  the  stratigraphic 
and  structural  framework  of  the  entire  region.     By  this  procedure  one  would  more  likely  be  able  to  de- 
lineate the  "fairways"  of  individual  producing  zones. 

Most  of  the  region  has  fairly  shallow  prospective  areas  in  which  the  objective  zone  can  be 
penetrated  by  tests  of  less  than  2,  500  feet.    It  is  recommended  that  the  aforementioned  intensive 
studies  be  followed  by  stratigraphic  drilling  programs  in  which  the  risk  ratio  may  be  high  but  the 
drilling  costs  low.    In  addition,   although  the  size  of  reserves  found  may  be  modest,  the  return  on  in- 
vestment would  be  high. 

In  the  shallow  as  well  as  in  the  deeper  areas,  there  is  adequate  room  for  more  specific  geo- 
physical exploration,   including  seismographic  and  gravimetric  work.    It  is  believed  that  the  inter- 
pretation of  geophysical  data  can  be  much  more  effective  where  the  maturity  of  a  province  provides 
solid  supporting  subsurface  information.     Dips  established  through  integration  of  seismic  and  sub- 
surface geologic  data  can  be  most  effective  in  isolating  excellent  stratigraphic  possibilities  when  one 
realizes  that  it  is  not  essential  to  draw  "goose  eggs"  on  a  seismic  map  in  order  to  discover  hydrocarbons. 


34  ILLINOIS     STATE    GEOLOGICAL     SURVEY     ILLINOIS     PETROLEUM     95 

In  conclusion,   it  is  hoped  that  this  presentation  of  these  generalized  thoughts  will  be  of  some 
value  to  those  who  must  make  the  gamble  with  money  rather  than  with  words.    It  would  seem  that  one 
must  assume  that  there  are  significant  hydrocarbon  reserves  remaining  in  NPC  Region  9.     Finding  them 
is,  of  course,  the  so-called  "name  of  the  game,  "  and  each  explorer  must  arrive  at  his  own  "moment 
of  truth .  " 

Perhaps  that  moment  of  decision  would  be  more  bearable  if  accompanied  with  an  aggressive 
approach  based  upon  intelligent  and  intensive  use  of  the  plethora  of  data  available.     In  any  case, 
there  will  be  no  panacea  to  eliminate  the  enormous  amount  of  detailed  work  required  of  the  earth  scien- 
tist if  the  remaining  reserves  are  to  be  found  within  economic  limits.    Of  greater  importance,   perhaps, 
is  the  necessity  for  those  who  hold  the  purse  strings  to  understand  the  problems  and  then  to  demand 
excellence  from  those  of  us  who  make  the  exploratory  recommendations  in  return  for  moral  and  finan- 
cial support. 


FUTURE  OIL  AND  GAS  PRODUCTION  OF  THE  CINCINNATI  ARCH  -  NORTH 

J.  H.  Buehner 
Marathon  Oil  Company,   Robinson,  Illinois 

ABSTRACT 

The  northern  Cincinnati  Arch  area  is  an  oil  province  whose  proved 
reserves  have  been  depleted.  Since  1884  more  than  half  a  billion  bar- 
rels of  oil  have  been  produced  from  Paleozoic  reservoirs.  The  province 
offers  potential  for  oil  and  gas  production  at  shallow  depth,  with  corre- 
spondingly low  costs. 

Prime  targets  are  fault-fracture  associated  reservoirs  in  the  Ot- 
tawa Megagroup  at  depths  of  800  feet  to  2,000  feet. 

Next  in  potential  are  reservoirs  in  geomorphic  remnants  on  the 
eroded  surface  of  the  Knox  Megagroup. 

The  bulk  of  Knox  sediments  and  the  underlying  Potsdam  have  no 
demonstrated  potential,  but  such  a  sequence  of  sediments  with  adequate 
thickness  to  furnish  potential  reservoir  rocks  at  shallow  depth  cannot  be 
completely  ignored. 

Entrapment  is  stratigraphic  in  target  reservoirs  and  there  are  few 
tools  for  effective  exploration.  Shallow  depth  and  a  surface  mantle  of 
glacial,  lacustrine,  and  alluvial  deposits  hinder  geophysical  explora- 
tion. Well  records  are  largely  antique  and  reliable  stratigraphic  data  are 
inadequate  for  detailed  subsurface  investigation. 

INTRODUCTION 

The  Cincinnati  Arch  is  a  structurally  positive  area  separating  the  Eastern  Interior  (Illinois) 
Basin  on  the  west  from  the  Appalachian  Basin  on  the  east.     Northward,   bifurcating  branches  form  the 
southern  limits  of  the  Michigan  Basin.     Contours  on  the  pre-Cambrian  surface  exhibit  continuity  from 
the  Lexington  Dome  to  the  Findlay  Arch. 

Paleozoic  sediments  in  the  Indiana-Ohio  portion  of  the  arch  are  relatively  thin,   from  2,  600  feet 
on  the  Findlay  Arch  to  about  3,  300  feet  in  the  vicinity  of  Cincinnati.     Most  of  this  interval  comprises 
sediments  of  Ordovician  and  Cambrian  age  (fig.   1). 

OIL  AND  GAS  PRODUCTION 

Gas  was  discovered  in  1884  north  of  the  town  of  Findlay  in  Hancock  County,  Ohio.     Develop- 
ment spread  rapidly  and  reached  Indiana  by  1889.     To  date,   more  than  half  a  billion  barrels  of  recov- 
erable oil  have  been  discovered.     Most  of  this  has  been  produced  and  remaining  proved  reserves  are 
extremely  low. 

Reservoirs  of  the  northern  Cincinnati  Arch  province  are  found  at  relatively  shallow  depths. 
Most  production  has  come  from  reservoirs  between  1,000  feet  and  1,500  feet.     Maximum  depth  has 
been  less  than  3,000  feet.     For  the  most  part,   recovery  has  not  been  encouraging.     Much  of  the  pro- 
duction has  been  noncommercial,   but  individual  pools  have  had  cumulative  recovery  ranging  from  1,000 
to  more  than  9,  000  barrels  of  oil  per  acre. 
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Fig.  1  -  Generalized  geologic  column  for  the  Indiana-Ohio  portion  of  the  Cincinnati  Arch.  (Adapted 
from  Bond  et  al. ,  1971;  published  with  permission  of  the  American  Association  of  Petroleum 
Geologists.) 
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Hunton  Megagroup 

Hunton  sediments  have  relatively  little  volume  on  the  Arch.     Silurian  rocks  appear  in  the  out- 
crop-subcrop  throughout  most  of  the  area.     They  have  been  beveled  by  post-Pennsylvanian  erosion 
and  completely  removed  in  southwest  Ohio  and  adjacent  parts  of  Indiana.    A  thin  wedge  of  Devonian 
remains  in  northwestern  Ohio  and  northern  Indiana  and  thickens  rapidly  northward  into  the  Michigan 
Basin. 

Several  small  gas  fields  have  been  developed  in  Silurian  dolomites  near  the  north  end  of  the 
Arch,  but  these  have  been  of  little  commercial  significance. 

Ottawa  Megagroup 

The  Ottawa  Megagroup  comprises  the  Trenton,   Black  River-Stones  River,   and  Joachim  equiva- 
lents in  descending  order. 

Ottawa  reservoirs  have  provided  more  than  90  percent  of  the  oil  recovered  from  the  province 
(fig.  2).     Development  of  the  giant  Lima-Indiana  Trenton  field  commenced  in  1884  and  production 
reached  its  peak  from  1903-1906.    Total  development  is  estimated  at  100,  000  wells  on  650,  000  acres, 
with  cumulative  production  of  483  million  barrels  of  oil.     Average  recoveries  are  abnormally  low:  535 
barrels  per  acre  in  Indiana  and  840  barrels  per  acre  in  Ohio.     However,   in  local  areas,   cumulatives 
range  from  1,  000  to  more  than  9,  000  barrels  per  acre. 

No  statistics  are  available  for  gas  production;  and  it  is  believed  that  since  there  were  no 
transmission  and  utility  systems,   all    gas  produced  was  utilized  by  local  industries,   small  munci- 
palities,   and  rural  residents. 

Virtually  all  Ottawa  oil  and  gas  is  stratigraphically  trapped.     Entrapment  is  the  result  of  a 
facies  change  of  Ottawa  carbonates  from  porous  dolomite  to  impermeable  limestone.    In  the  Trenton 
field,   most  reservoirs  are  confined  to  the  upper  50  feet  of  the  Trenton  Formation.    Reservoir  rock  is 
epigenetic  dolomite  formed  by  leaching,    solution,   alteration,   and  recrystallization  of  Trenton  lime- 
stone.    Porosity  is  vugular  and  erratically  developed.     Large  vugs  are  lined  with  euhedral  dolomite 
crystals.     Pyrite  is  common  in  reservoir  rocks  and  is  abundant  in  the  upper  few  feet  of  the  formation. 
Alteration  is  believed  to  have  occurred  during  early  Cincinnatian  time,   following  uplift  and  exposure 
to  erosion  and  weathering  for  a  prolonged  period. 

Along  the  Bowling  Green  Fault,   alteration  has  affected  a  much  thicker  section  of  the  Ottawa 
carbonates  and  extends  into  the  Black  River  interval.    Vugs  are  larger  and  more  numerous  than  normal 
for  the  area  and  collapse  features  are  evident.     Porosity  is  erratic  and  permeability  is  variable.     Po- 
rous intervals  are  separated  by  dense,   impermeable  dolomite,   limiting  communication  between  indi- 
vidual reservoirs.     Immediately  east  of  the  fault,   subsurface  data,   even  from  antique  records,   indicate 
northwest-southeast  trending  minor  faulting  and/or  folding.     Reservoirs  in  this  area  are  considered 
to  be  unique  in  origin;  they  result  from  alteration  along  fracture/fault  planes  and  are  analogous  to 
Ottawa  reservoirs  in  southern  Michigan  and  in  Ontario.     Recoveries  in  this  vicinity  are  maximum  for 
the  field,   ranging  from  2,  000  to  more  than  9,  000  barrels  per  acre. 

The  Albion-Scipio  oil  and  gas  field  is  an  excellent  example  of  linear-shaped,   fracture-associ- 
ated Ottawa  dolomite  reservoirs  (figs.   3  and  4).     It  is  located  on  the  south  flank  of  the  Michigan  Basin, 
a  short  distance  north  of  the  Cincinnati  Arch  province.     It  trends  about  N  25°  W  and  extends  about 
30  miles  in  length  with  an  average  width  of  about  half  a  mile.    The  field  was  discovered  in  1957  and 
developed  largely  during  1959-1963.     Drilling  activity  has  been  sporadic  to  the  present  time.     To  the 
end  of  1969,   the  field  comprised  605  oil  and  gas  wells  on  10,  900  developed  acres.     Cumulative  pro- 
duction totaled  87,  988,  768  barrels  of  oil  plus  94,489,514  Mcfofgas.     Converting  gas  to  equivalent 
barrels  of  oil  (on  a  dollar  basis),   total  hydrocarbon  recovery  is  96,  353,488,   an  average  of  8,840  bar- 
rels per  acre.     Per  well  average  is  15  9,  180  barrels  on  20-acre  spacing.     Indicated  recovery  for  1970  is 
about  5.25  million  barrels  of  oil  and  11  billion  cubic  feet  of  gas. 

The  field  comprises  at  least  five  separate  pools,   each  with  unique  pressures,   fluid  interfaces, 
and  other  characteristics.    Ottawa  strata  dip  northward  with  depth  to  the  top  of  the  Trenton  at  about 
3,300  feet  on  the  south  and  4,  300  feet  on  the  north.     Fluid  interfaces  drop  in  terraces  from  pool  to 
pool.    In  the  main  pool  of  the  field,   the  oil  column  had  an  original  thickness  of  150  feet.    Gas  cap 
thicknesses  vary  with  position  in  the  pools  and  range  from  about  50  feet  to  more  than  400  feet. 
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Fig.  2  -  Map  of  areas  where  oil  and  gas  have  been  produced  from  the  Ordovician  Ottawa  Megagroup 
in  the  vicinity  of  the  northern  part  of  the  Cincinnati  Arch. 
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Fig.   3  -  Structure  map  of  the  Albion  field,   Calhoun  and  Jackson  Counties,    Michigan, 
contoured  on  the  top  of  the  Trenton. 
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Fig.  4  -  Structure  map  of  the  Scipio  field,   Jackson  and  Hillsdale  Counties,    Michigan, 
contoured  on  the  top  of  the  Trenton. 

Regionally,  Ottawa  sediments  are  typically  dense,   impermeable  limestone  with  a  thickness  of 
about  600  feet.     The  Trenton  is  a  fine-textured,    shallow-water,   clastic  limestone  with  a  silt-size 
matrix  binding  abundant  amounts  of  pebble-size   limestone  debris  and  fragmented  fossils,   especially 
crinoid  columns.     The  Black  River  is,   as  usual,   very  dense,   lithographic,   and  microcrystalline  massive 
limestone  with  only  a  few  fossil  remains. 

The  reservoir  rock  is  coarsely  crystalline  dolomite  with  a  vitreous  luster.     The  volume  of  sedi- 
ment altered  is  extremely  erratic,    and  thickness  of  reservoir,   in  individual  locations,   varies  from  a  few 
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feet  to  the  entire  Ottawa  thickness  of  more  than  600  feet.     Porosity  is  vugular  and  varies  from  0  to 
about  15  percent,  with  an  average  of  6  percent.     Permeability  is  extremely  variable,  ranging  from 
<0.1  md  to  several  darcies.     Contacts  between  limestone  and  dolomite  are  sharp  and  field  edges  are 
essentially  vertical.     Dry  holes  adjacent  to  the  field  exhibit  no  evidence,   either  physical  or  chemical, 
of  alteration. 

Alteration  appears  to  follow  an  en  echelon  system  of  high-angle  faults  or  fractures  with  low 
vertical  components  or  possibly  with  slip-strike  movements.     Orientation  of  individual  fractures  is 
approximately    northwest-southeast.     Five  or  six  very  narrow  reservoirs  protrude  eastward  from  the 
main  trend  and  indicate  a  complementary  set  of  fractures. 

Several  additional  fields  (which  produce  from  fracture-associated  reservoirs  similar  to  Albion- 
Scipio)  have  been  developed  in  southern  Michigan  and  southwest  Ontario. 

Knox  Megagroup 

More  than  30  million  barrels  of  oil  have  been  produced  from  Knox  reservoirs  in  the  northern 
Arch  area  and  most  of  this  oil  has  been  found  on  the  east  flank  of  the  Arch  (fig.  5) .    Entrapment  of 
all  Knox  oil  and  gas  is  stratigraphic.     Most  reservoirs  are  leached  dolomite  in  geomorphic  remnants 
on  the  eroded  surface  of  the  Knox  and  are  sealed  by  Chazy  (Glenwood)  shales  or  impermeable  Middle 
Ordovician  carbonates.     More  than  50  such  reservoirs  have  been  developed  in  the  Morrow  County 
area.    Two  remnant-type  traps  are  known  on  the  west  flank  of  the  Arch  in  uppermost  Beekmantown 
dolomites,  one  in  Jay  County,   Indiana,   the  other  in  Hillsdale  County,   Michigan.    In  northern  Ohio 
and  in  Ontario  several  small  pools  have  been  developed  in  sandstone  reservoirs,   also  on  the  Knox 
surface.    Entrapment  is  accomplished  by  impermeable  strata  draped  over  "sand  piles"  by  differential 
compaction. 

Erosion  during  Chazy  time  removed  all  Beekmantown  sediments  from  the  cres"t  of  the  Arch  and, 
locally,   trenched  deeply  into  Cambrian  Knox  (Trempealeau)  strata.    Truncated  porous  beds  overlapped 
by  impermeable  Glenwood  shale  or  Ottawa  carbonates  should  provide  a  variety  of  stratigraphic  traps 
in  addition  to  the  geomorphic  traps.    The  lower  Knox  interval  also  contains  porous  sandstones  and 
dolomite  beds.     Lateral  changes  in  sedimentation  and  intraformational  unconformities  should  provide 
excellent  opportunities  for  stratigraphic  traps. 

Potsdam  Megagroup 

The  Potsdam,  the  basal  sedimentary  unit,  comprises  the  Franconia,  Eau  Claire,  and  Mt.  Simon 
in  declining  sequence.  Past  development  has  provided  little  information  to  encourage  further  explora- 
tion. Abrupt  facies  changes  in  Franconia  and  Eau  Claire  sediments  should  provide  stratigraphic  traps, 
but  there  is  no  indication  of  the  presence  of  hydrocarbons  in  commercial  amounts. 

Grenville 

The  presence  of  a  carbonate  sequence  underlying  the  Mt.  Simon  has  been  reported  in  several 
wells  from  east-central  Indiana  to  central  Ohio.     Thickness  and  distribution  of  these  strata  have  not 
been  documented.     These  .carbonates  have  been  described  as  bituminous  and  could  serve  as  source 
beds  for  reservoirs  within  the  sequence  or  in  overlying  sediments. 


CONCLUSIONS 

The  northern  Cincinnati  Arch  area  is  an  oil  province  whose  proved  reserves  have  been  depleted. 
The  province  offers  a  potential  for  oil  and  gas  production  of  shallow  depth  and  correspondingly  low 
cost. 

Prime  targets  are  fault-fracture  associated  reservoirs  in  the  Ottawa  Megagroup  at  depths  of 
800  feet  to  2,000  feet. 
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Fig.  5  -  Map  of  areas  where  oil  and  gas  have  been  produced  from  the  Cambro-Ordovician  Knox  Mega- 
group  in  the  vicinity  of  the  northern  part  of  the  Cincinnati  Arch. 
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Second  in  potential  are  geomorphic  remnants  on  the  eroded  surface  of  the  Knox. 

The  bulk  of  the  Knox  and  the  underlying  Potsdam  have  no  demonstrated  production  potential, 
but  such  a  thick  sequence  of  sediments  cannot  be  completely  ignored. 

Entrapment  is  stratigraphic  in  target  reservoirs,    and  there  are  few  tools  for  effective  explora- 
tion for  traps  of  this  nature.     Most  of  the  area  is  mantled  by  glacial,    lacustrine,   or  alluvial  deposits 
which  hinder  geophysical  exploration.    Well  records  are  largely  antique  and  reliable  stratigraphic  data 
are  sparse. 
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THE  NORTHERN  MISSISSIPPI  EMBAYMENT  —  A  LATENT  PALEOZOIC  OIL  PROVINCE 

Howard  Schwalb 
Kentucky  Geological  Survey,   Henderson,   Kentucky 


ABSTRACT 

In  the  northern  Mississippi  Embayment  exploratory  drilling  is 
sparse  and  large  areas  are  untested.  Mesozoic  and  Cenozoic  deposits 
with  a  maximum  thickness  of  3,  300  feet  are  largely  flushed  by  fresh  wa- 
ter and  are  discounted  for  major  reserves,  but  the  Paleozoic  rocks,  Cam- 
brian to  Pennsylvanian  in  age,  contain  thick  potential  source  beds,  ade- 
quate reservoir  rocks,  and  a  variety  of  potential  traps.  The  major  re- 
gional structure  of  the  province  is  the  Pascola  Arch,  which  was  raised 
and  truncated  in  pre-Late  Cretaceous  time,  exposing  Cambrian  rock  along 
its  axis.  Two  major  faults,  at  least  one  presently  active,  traverse  the 
region.  The  evidence  of  hydrocarbons,  the  known  presence  of  porous 
zones,  and  the  regional  structure  indicate  a  major  potential  for  petroleum 
in  the  Paleozoic  rocks. 

The  northern  portion  of  the  Mississippi  Embayment  is  a  relatively  unexplored  province,   which 
has  yet  to  produce  its  first  barrel  of  oil.    A  large  volume  of  sediments  was  deposited  in  a  trough  of 
early  Paleozoic  origin  called  the  Reelfoot  Basin.     These  sediments  are  divided  into  two  categories: 
the  older,  deformed  and  altered  Paleozoic  rocks,   and  the  younger,   generally  unconsolidated  late 
Mesozoic  and  Cenozoic  sediments.    A  major  unconformity  separates  these  two  units,   and  the  younger 
sediments  are  flushed  by  fresh  water  suitable  for  domestic  and/or  large  municipal  and  industrial  supply. 
The  Mesozoic  and  Cenozoic  deposits  range  in  thickness  from  a  maximum  of  more  than  3,300  feet  near 
Memphis,   Tennessee,   to  a  feather  edge  on  the  periphery  of  the  Embayment.     These  younger  deposits 
may  be  discounted  for  major  oil  reserves  at  this  time  but  may  have  potential  in  facies  traps  in  the 
south  end  (Tennessee-Arkansas). 

The  Paleozoic  rocks  range  in  age  from  Pennsylvanian  to  Cambrian,   all  of  which  subcrop  be- 
neath the  Mesozoic  unconformity  (fig.   1).     Late  Paleozoic  diastrophism  uplifted  the  synclinal  trough 
of  the  Reelfoot  Basin,    and  erosion  beveled  the  elongate  uplift  between  the  Ozark  Dome  and  the  Nash- 
ville Dome,   removing  between  8,000  and  12,000  feet  of  strata.     This  eroded  uplift  (called  the  Pascola 
Arch)  is  completely  buried  by  Cretaceous  and  younger  sediments  which  have  filled  the  subsequently 
downwarped  trough  of  the  Embayment  region. 

Limited  subsurface  data  suggest  that  at  least  two  major  faults  occur  in  the  Paleozoic  rocks 
(fig.   1)  but  are  not  reflected  at  the  surface.     One  fault  parallels  the  Mississippi  River  and  the  other 
intersects  the  Mississippi  River  fault  near  the  junction  of  the  Tennessee,    Missouri,   and  Arkansas 
state  lines.     North  of  the  second  fault,   erosion  has  cut  down  into  Upper  Cambrian  and  possibly  older 
rocks,  while  south  of  this  fault  Ordovician  rocks  as  young  as  the  late  Canadian  are  present  beneath 
the  Mesozoic  unconformity  (fig.   1). 

The  volume  of  Paleozoic  rocks  in  the  Reelfoot  Basin  exceeds  37,000  cubic  miles,   and  these 
sediments  are  all  marine.     Drilling  depths  to  basement  range  from  about  6,000  to  more  than  10,000 
feet.     The  predominant  rock  type  is  secondary  dolomite  derived  from  limestone,   although  unaltered 
to  slightly  dolomitic  limestone  is  also  present.     Sandstone,   which  is  present  in  minor  amounts,  occurs 
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Fig.   1  -  Paleozoic  subcrop  map.     (Adapted  from  Bond  et  al.,    1971;  published  with  the 
permission  of  the  American  Association  of  Petroleum  Geologists.) 


mainly  in  two  formations,   the  Roubidoux  and  the  Gasconade.     In  the  central  portion  of  the  Embayment, 
shale  is  limited  to  the  Bonneterre  Formation  of  Cambrian  age,   but  the  Maquoketa  Shale  of  Late  Ordo- 
vician  age  and  the  New  Albany  Shale  of  Devonian  age  border  the  Pascola  Arch  and  extend  beyond  the 
limits  of  the  Embayment  area. 

The  accessory  minerals  found  in  the  Embayment  rocks  are  cherts,   some  of  which  preserve  the 
structure  of  oolites  and  sand  grains;  euhedral  quartz  crystals;  occasional  clusters  of  quartz  having 
a  drusy  appearance;  and  individual  sand  grains  dispersed  in  the  carbonate  rocks  as  "floating"  sand 
grains.     Intrusive  rocks,   in  the  form  of  sills  and  plugs  or  stocks,   occur  parallel  to  the  Mississippi 
River.     They  are  most  frequently  encountered  in  the  vicinity  of  a  central  high  on  the  Pascola  Arch. 

Source  rocks  for  petroleum  might  be  found  in  the  carbonate  section,  especially  in  the  unal- 
tered limestones,   but  the  principal  source  of  hydrocarbons  would  more  likely  be  the  dark  shale  in  the 
Bonneterre  Formation.     Analysis  of  some  of  this  shale  has  shown  hydrocarbons  to  be  present. 

Zones  of  porosity  are  scattered  throughout  the  Paleozoic  section  of  the  Embayment  area.     In 
the  Illinois  Basin  oil  production  has  been  shown  in  rocks  as  old  as  Kimmswick  or  "Trenton,  "  and  the 
St.   Peter  and  Knox  are  productive  in  Kentucky  on  the  Cincinnati  Arch.     In  the  Embayment  area  clastic 
rocks  in  the  Knox  seem  to  offer  the  most  likely  zones  for  finding  large  potential  oil  reservoirs.     Two 
cross  sections  illustrate  the  structural  configuration  of  these  carbonates  in  the  vicinity  of  the  Pascola 
Arch  (figs.   2  and  3). 
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Porosity  zones  such  as   the  following  may  contain  hydrocarbons   under   suitable   trapping 
trapping  conditions: 

New  Madrid  County,    Missouri 

U.  S.  B.   M.  No.   1  Oliver,   Sec.   29-22N-11E.    Well  was  cased  with  lOf-inch  pipe  to  1,312 
feet.    Top  of  Paleozoic  at  1,  296  feet.     Between  2,  9  20  feet  and  3,  009  feet  (Elvins),  water 
was  encountered  which  flowed  50  feet  above  ground  level  at  an  estimated  700  gallons  per 
minute;  8f-inch  casing  was  set  at  3,  091  feet.    Another  flow  of  water  was  encountered  at 
3,500  feet  (Bonneterre),   and  circulation  was  lost  at  several  points  below  that  depth.     Sev- 
eral attempts  were  made  to  cement  off  this  water  but  all  failed,   making  it  necessary  to  set 
a  string  of  4-inch  casing  at  3,  728  feet  total  depth. 

Pemiscot  County,    Missouri 

Strake  Petroleum  No.   1  Russell,    Sec.   24-19N-11E.    Well  was  cased  with  7-inch  pipe  at 
2,  131  feet.     Top  of  Paleozoic  at  2,060  feet.     At  2,  158  feet  circulation  was  lost  (Eminence 
or  Potosi  Dolomite),   and  at  2,  208  feet  the  well  was  flowing  150  gallons  of  water  per  minute 
at  92  °F.     Circulation  was  regained  after  5  squeeze  operations  requiring  523  sacks  of  cement, 
150  pounds  of  cellophane,    5  loads  of  sawdust,   42  bales  of  Fibrotex,    and  17,000  pounds  of 
cottonseed  hulls.     Total  depth  4,  740  feet  in  Lamotte  (Mt.  Simon)  Sandstone. 

Mississippi  County,  Arkansas 

Benedum-Trees  Oil  Co.  No.   1  C.  W.   Mack,    Sec.  3-15N-12E.     Well  was  drilled  with  rota- 
ry to  2,  895  feet.     Top  of  Paleozoic  at  2,  806  feet.     Drilled  with  cable  tools  to  total  depth  of 
4,535  feet.     Casing  was  set  at  2,895  feet.     At  4,405  feet  water  level  in  well  rose  above 
the  ground  surface.    At  total  depth  well  was  flowing  70  gallons  per  minute  of  salty  sulfur 
water  with  temperature  of  110°  F.     Eminence  Formation. 

Galloway  County,   Kentucky 

South  Central  No.   1  Cherry,   Sec.   8-B-14.     Circulation  was  lost  at  2,988  feet,   600  feet  be- 
low St.    Peter  horizon  and  never  restored  while  drilling  to  total  depth  of  5,  610  feet. 

Crittenden  County,   Kentucky 

Shell  Oil  Co.  No.   1  Davis,   Sec.   17-L-16.     DST  at  about  5,450-5,500  feet;  fluid  recovery 
was  at  the  rate  of  40  barrels  per  hour  salt  water.     I  correlate  this  zone  with  the  lost  circu- 
lation zone  in  the  South  Central  well.     DST  at  6,  068-7,  700  feet  recovered  salt  water  (97,  000 
ppm  chlorides).     Interval  probably  covers  Cotter-Jefferson  City  and  Roubidoux.     DST  at  7,978 
feet  recovered  estimated  64  plus  barrels  per  hour  salt  water  (130,  000  ppm  chlorides).     Prob- 
ably in  Gasconade.     Total  depth  8,  821  feet  in  Knox. 

Gibson  County,   Tennessee 

Big  Chief  No.    1  Taylor,   Sec.    19-5S-7E.    Well  was  flowing  4-inch  stream  of  water,   and  a 
continuous  flowmeter  survey  was  run  to  determine  the  source  of  the  water.     The  zone  at 
2,  865  feet  was  found  to  be  flowing  water  both  up  and  down  the  hole.     The  source  of  the 
water  at  this  point  is  correlated  with  the  Gunter  Sandstone  Member  of  the  Gasconade  Forma- 
tion.   In  the  Eminence  Formation  a  zone  from  3,  150  to  3,  200  feet  was  found  to  be  taking 
water  from  a  lower  source;  the  volume  of  flow  was  not  estimated.     Total  depth  7,  164  feet. 

Fluid  zones  in  the  carbonate  sections  apparently  cannot  be  correlated  from  well  to  well  and  are 
probably  discontinuous  wedges  of  porosity.     The  Gunter  Sandstone  and  the  sandstones  of  the  Roubidoux 
are  persistent  throughout  the  region  (except  where  they  have  been  removed  by  erosion)  and  would  need 
structural,  hydrodynamic,  or  fault-trapping  conditions  for  hydrocarbon  accumulation  (fig.  4). 

Likely  areas  for  prospecting  for  oil  and  gas  in  the  Embayment  area  are: 
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1.  East  of  the  Maquoketa  subcrop  in  the 
eastern  part  of  the  Embayment  area, 
where   the    "Trenton"   limestone   is 
under  a   suitable   seal  and  drilling 
depths  to  the  St.   Peter  are  generally 
less  than  3,000  feet. 

2.  Along  the  subcrop  of  the  Roubidoux 
Formation  where  the  sandstones  may 
be  sealed  by  Cretaceous  clays   and 
hydrodynamic  and/or  unconformity 
traps  may  be  expected. 

3.  Along  the  crest  of  the  Pascola  Arch 
south  of  the  east-west  fault  where 
erosion  has  not  cut  deeper  than  the 
upper  part  of  the  Canadian  Series  of 
the  Ordovician.     Between  6,000  and 
7,  000  feet  of  Knox  can  be  drilled  on 
favorable  structure. 

4.  On  the  flanks  of  the  Pascola  Arch 
where  porous  dolomite  interfingers 
with  dense  limestone  to  form  updip 
facies  traps. 

5.  In  the  vicinity  of  igneous  intrusions, 
where  local  doming  may  have  occurred 
or  where  porosity  traps  have  developed 
as  a  result  of  igneous  material  block- 
ing hydrocarbon  migration. 

Deep  burial  has  masked  the  structure  of  the  Paleozoic  rocks  beneath  the  Mesozoic  unconformity 
in  the  Embayment  area  and  kept  exploratory  drilling  to  a  minimum.     Geophysical  interpretation  of  the 
region  has  been  unsuccessful  and  does  not  seem  to  offer  any  simple  solution  to  exploration  as  yet. 
But  the  region  has  indications  of  providing  large  hydrocarbon  traps  where  giant  fields  might  be  found 
in  one  of  the  most  favorably  located  areas  of  the  continental  United  States. 


Fig.  4 


Roubidoux  structure  map.     (From  Bond 
et  al.,    1971;  published  with  permission 
of  the  American  Association  of  Petroleum 
Geologists.) 
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POSSIBILITY  OF  GROWTH  FAULTS  IN  THE  PRE- KNOX 
INTERVAL  (MONTEVALLO  SUPERGROUP)  IN  THE  ILLINOIS  BASIN 

John  Avila 
Ashland  Oil,   Incorporated,   Ashland,    Kentucky 

ABSTRACT 

Recent  deep  drilling  in  eastern  Kentucky  has  not  only  provided 
additional  deep-well  control  but  has  established  the  existence  of  pre- 
viously little  known  geologic  structures.  Hydrocarbons  have  been 
found  trapped  to  some  degree  in  these  rocks  of  Lower  Ordovician  and 
Cambrian  age. 

Deep  drilling  should  be  encouraged  wherever  possible  to  obtain 
knowledge  of  the  behavior  and  attitude  of  the  rocks  and  especially  to 
determine  the  relation  of  the  paleodepositional  environment  to  the  struc- 
tural framework 

Structures  and  faults  that  may  appear  subdued  at  or  near  surface 
levels  may  show  periods  of  growth  at  depth,  especially  in  the  Ordovi- 
cian and  Cambrian  intervals. 

In  the  Rough  Creek  Fault  Zone  area,  the  ea  st  flank  of  the  Du  Quoin 
Monocline,  and  the  west  basinward  flank  of  the  La  Salle  Anticline,  the 
Illinois  Basin  may  have  depositional  and  structural  features  similar  to 
those  in  eastern  Kentucky. 

GENERAL  DISCUSSION 

In  the  past  several  years  the  few  basement  tests  that  have  been  drilled  in  eastern  Kentucky 
have  verified  the  existence  of  basement  fault  scarps.    Information  made  available  from  newly  drilled 
wells  indicates  that  several  of  these  major  basement  declivities  actually  exist.    Work  by  Rudman, 
Summerson,    and  Hinze  (1965)  has  indicated  that  "the  most  pronounced  basement  feature  in  the  Mid- 
west is  the  semi-continuous  east-west  basement  scarp  extending  from  western  Illinois  into  West 
Virginia  and  having  apparent  vertical  displacements  in  some  places  as  great  as  5,  000  feet"  (fig.  1). 
Basement  escarpments  and/or  structural  depressions  on  top  of  the  basement  complex  have  also  been 
detected  in  Indiana.    Therefore,   the  structural  and  depositional  environments  in  eastern  Kentucky 
could  be  genetically  related  to  those  in  western  Kentucky,    Indiana,    and  western  Illinois.    Please 
note  that  in  each  basin  the  major  basement  faulting  occurred  with  the  downside  to  the  basin,   thereby 
indicating  periods  of  rejuvenation  along  the  craton  shelf  of  the  basins  as  the  deeper  portions  of  the 
basins  were  subsiding. 

The  normal,    high-angle  basement  faults  found  in  eastern  Kentucky  were  contemporaneous  with 
deposition;  in  other  words,   movement  along  the  fault  plane  or  subsidence  took  place  while  a  thick 
sedimentary  sequence  was  being  deposited. 

It  is  conceivable  that  the  east-west  basement  fault  system  across  Kentucky,   the  southern  tip 
of  Indiana,   and  on  into  western  Illinois  is  of  the  same  type  as  the  faults  in  eastern  Kentucky,   with 
faulting  contemporaneous  with  deposition  and  the  accumulation  of  thick  potential  reservoir  beds. 
This  east-west  zone  of  faulting  has  been  a  major  area  of  weakness  since  late  in  Precambrian  time. 

Coarse  to  silty  elastics  of  Mt.  Simon  and  Eau  Claire  age  blanketed  the  Precambrian  surface  in 
the  Illinois  Basin  and  probably  attained  their  maximum  thicknesses  in  areas  of  contemporaneous  faulting. 
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Contour  interval  1000  feet. 
Datum  is  mean  sea  level. 


Fig.  1  -  Map  showing  contours  on  top  of  basement  complex.     (From  Rudman,    Summerson,    and  Hinze, 
1965,    fig.  3.     Published  with  the  permission  of  the  American  Association  of  Petroleum 
Geologists.)    A  -  Pittsfield  Anticline.     B  -  La  Salle  Anticline.     C  -  Sandwich  Fault. 
D  -  Mt.  Carmel  Fault.     Change  in  gradient  of  basement  surface.    E  -  Change  in  gradient  of 
basement  surface.    F  -  East-west  scarp. 

Let  me  emphasize  that  these  basement  escarpments  or  structural  depressions  may  be  an  ideal 
depositional  environment  for  the  accumulation  and  entrapment  of  hydrocarbons. 

The  following  are  points  that  should  be  mentioned  in  evaluating  an  environment  of  deposition 
with  contemporaneous  faulting  as  contrasted  with  an  environment  of  blanket  sand  deposition  over 
structures  of  moderate  relief  without  contemporaneous  faulting: 

(a)  Contemporaneous  faulting  permitted  thick,  accumulation  of  sediments  (fig.  2)  of  the 

pre- Knox  Montevallo  Supergroup  (=Potsdam  Megagroup) . 

(b)  Sediments  accumulated  in  waters  of  moderate  depth  in  a  low-energy  environment  which 

was  conducive  to  the  formation  of  good  source  beds. 
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Fig.  2  -  Montevallo  Sequence  in  the  Kin- Ark  Oil  Co.  No.  1  Arch  Hager,    Jessamine  County,    Kentucky. 


(c)  Rapid  lateral  change  of  facies  toward  the  fault  wall  formed  ideal  stratigraphic  traps. 

(d)  Shows  of  oil  and  gas  have  been  found  in  sediments  of  Cambrian  age. 

The  previous  basement  tests  in  Illinois  to  my  knowledge  have  been  drilled  only  on  structural 


features. 
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An  illustration  (fig.  3)  in  Boyd  County,    Kentucky,    shows  a  basement  fault  scarp  along  which 
movement  was  contemporaneous  with  deposition.    In  my  opinion,   this  type  of  fault  movement  also  can 
be  expected  to  exist  in  the  Illinois  Basin. 

The  well  to  the  west  is  on  the  upthrown  side  of  the  fault  and  encountered  the  basement  at 
-6,  003  feet,   whereas  the  basement  in  the  Samuel  McKean  well  is  at  -8,  698.    This  difference  indicates 
a  vertical  displacement  of  approximately  2,  700  feet.    The  horizontal  distance  from  the  Fannin  Estate 
well  to  the  McKean  well  is  approximately  two  miles.    The  White  well  in  the  center  of  the  cross  sec- 
tion did  not  penetrate  the  basement  complex.    The  greatest  displacement  on  this  fault  occurred  during 
early  Cambrian  deposition  or  Basal  Sand  and  Tomstown  time,   as  is  indicated  by  the  thickening  of 
sediments  from  the  basement  to  the  top  of  the  Tomstown  from  314  feet  in  the  Fannin  well  to  2,  112 
feet  in  the  McKean  well.    Apparently  at  the  close  of  Tomstown  time  and  through  Rome  time  this  seg- 
ment of  faulting  became  rather  stable,    for  the  interval  of  the  Rome  Shale  is  282  feet  in  the  Fannin 
well  as  contrasted  with  346  feet  in  the  McKean  well.     During  Knox  time  movement  resumed  to  a  lesser 
extent,   but  is  not  shown  on  this  cross  section  (fig.  4).    Thickness  of  Knox  in  the  Fannin  well  is 
1,066  feet  as  compared  with  1,283  feet  in  the  White  well;  the  thickness  of  St.  Peter  Sandstone  increases 
from  38  feet  to  100  feet. 

By  the  close  of  Black  River  time,   movement  along  the  fault  plane  died  down  and  is  not  detect- 
able.   By  the  close  of  Devonian- Silurian  (Corniferous)  time,   there  existed  nothing  more  than  a  sub- 
dued dip  basinward  or  a  slight  steepening  of  dip. 


# 


INLAND   GAS   CO., INC. 
G.  E.  FANNIN,  EST.-No. 537 

22  -  W  -82 
BOYD   COUNTY,  KENTUCKY 


INLAND   GAS    CO.,  INC. 

L.  0    WHITE, HRS.-  No.    529 

2  I  -  W -  82 

BOYD   COUNTY,  KENTUCKY 


-3521       TOP  OF  BLACK  RIVER 


-4233       TOP   OF  WELLS  CREEK 


-4303  TOP    OF  ST    PETER 


TOP    OF   BLACK  RIVER    -3738 


TOP  OF  WELLS    CREEK   -44JJ 


TOP    OF   ST    PETER  -430S 


Fig.  4  -  Cross  section  in  Boyd  County,    Kentucky,    showing  interval  from  top  of  Knox  to  top  of  Black 
River. 

CONCEPT  OF  CONTEMPORANEOUS  FAULTING  AS  APPLIED  TO  THE  ILLINOIS  BASIN 


On  the  basis  of  geophysical  studies,    Professor  Rudman,    geophysicist  with  the  Indiana  Uni- 
versity Department  of  Geology,    recognized  the  possible  existence  of  a  basement  depression  (fig.  5) 
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Fig.  5  -  Map  of  part  of  southwestern  Indiana  showing  structure  on  top  of  the  basement  complex. 
(From  Rudman,    1960,    fig.   7.) 
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fig.  2,  ond  Clark  and  ftoyds,  1948, 
fig.  4. 


Structural  depression  on  surface 
of  basement  complex 


Fig.  6  -  Structural  features  of  the  Illinois  Basin.     (From  Rudman,    1960,    fig.  1.)    (Note  the  trend  of 
the  depression  as  it  appears  to  parallel  the  west  flank  of  the  La  Salle  structure.) 


where  contemporaneous  deposition  and  subsidence  accounted  for  an  additional  3,  500  feet  of  Pre- 
cambrian  to  late  Canadian  sediments  (Rudman,    1960).    The  St.  Peter  Sandstone  was  then  deposited 
unconformably  on  a  regional,   nearly  flat  surface  on  the  Knox,   giving  an  impression  of  a  rather  normal 
rate  of  dip. 
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PROSPECTIVE  AREAS  FOR  CONTEMPORANEOUS 
FAULTING  AND  POSSIBLE  HYDROCARBON  ACCUMULATIONS 

Because  of  the  following  factors,    the  Illinois  Basin  appears  to  be  a  prime  target  in  the  search 
for  geological  structures  where  faulting  accompanies  deposition: 

(a)  The  basin  is  near  the  Cambrian  clastic  source  and  therefore  received  wide  distribution 

of  thick  sediments. 

(b)  During  early  Cambrian  time,   the  Illinois  Basin  was  undergoing  periods  of  substantial 

faulting  and  readjustment. 
The  present-day  structural  framework  of  the  basin  was  created  probably  during  these  early 
periods  of  deposition  and  readjustment.    The  following  are  areas  that  should  be  given  serious  consid- 
eration for  prospective  search: 

(a)  The  west  basinward  flank  of  the  La  Salle  Anticlinal  Belt  (fig.  6).    This  steep  limb  appears 

to  represent  the  downside  of  a  deep-seated  fault  and  has  a  very  good  alignment  with 
the  basement  depression  discovered  in  southwestern  Indiana  by  Professor  Rudman  (1960) 

(b)  The  east  flank  of  the  Du  Quoin  Monocline.    This  structure  offers  the  possibility  of  a 

deep-seated  fault  with  the  downthrown  side  toward  the  basin.    Deep  seismic  profiles 
would  be  very  interesting  to  see. 

(c)  The  Rough  Creek  Fault  Zone.    This  zone,   being  a  very  ancient  zone  of  continuous  weak- 

ness,   certainly  appears  to  have  the  possibility  of  faulting  contemporaneous  with  early 
deposition.    Also  it  has  the  possibility  of  being  genetically  related  to  the  big  growth 
faults  of  eastern  Kentucky. 
The  Illinois  Basin  should  not  be  condemned  on  the  basis  of  the  very  few  basement  tests  that 
have  been  drilled. 
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ILLINOIS  BASIN  EXTENDING  INTO  MISSISSIPPI 
EMBAYMENT  NEEDS  INTENSIFIED   EXPLORATION 
PROGRAM  TO  BASEMENT  ROCKS* 

C.  E.  Brehm,    Mt.  Vernon,   Illinois 
E.  Brehm  Drilling  and  Producing  Company,    Mt.  Vernon,  Illinois 


ABSTRACT 

The  southern  part  of  the  Illinois  Basin  needs  an  intensified  pro- 
gram of  exploration  down  to  the  Precambrian  basement.  Deeper  drilling 
is  necessary  to  explore  the  10,000  feet  of  untested  sediments  below 
the  Devonian.  This  deep  interval  includes  strata  equivalent  to  prolific 
producing  zones  in  other  similar  and  adjoining  basins.  Inthe  southern 
part  of  the  Illinois  Basin,  along  the  axis  of  its  most  rapid  subsidence, 
undolomitized  carbonates  and  successions  of  sand  and  shale  zones 
likely  abound.  An  area  along  the  strike  of  the  Mesozoic-Cenozoic 
Mississippi  Embayment,  where  accumulation  of  hydrocarbons  is  favored 
by  post-Pennsylvanian  structural  movements,   is  especially  promising. 


Following  through  on  new  concepts  of  exploration  is  necessary,   and  our  ideas  of  the  archi- 
tecture of  the  Illinois  Basin  part  of  the  Mississippi  Embayment  must  be  entirely  reversed  if  we  are 
to  find  the  potentially  rewarding  reserves  of  an  entirely  new  province  that  to  date  has  not  produced, 
even  though  wells  drilled  there  have  had  very  encouraging  shows. 

Much  has  been  written  and  spoken  on  the  subject  of  potential  production  of  the  pre-Mississip- 
pian  formations,  but  the  only  tangible  results  of  these  discussions  are  a  few  tests  on  the  periphery  of 
the  Eastern  Interior  Basin  on  isolated  known  structures  located  chiefly  by  major  company  blocks  pre- 
viously held  by  shallow  production. 

In  our  new  way  of  thinking,   we  could  liken  the  Illinois  producing  basin  as  we  know  it  today 
to  a  wide-handled  skillet  (fig.   1).    The  deeper  strata  of  this  elongate  pan-like  basin  thicken  south- 
ward into  the  Mississippi  Embayment  in  the  vicinity  of  the  Cottage  Grove-Rough  Creek  Fault  System. 
Here  the  sediments  thicken  at  a  rate  of  70  feet  to  the  mile  to  the  south  and  plunge  still  more  rapidly 
to  the  southeast  at  right  angles  to  the  strike  of  the  embayment.    This  divergence  creates  south  dip 
when  you  consider  that  the  Pennsylvanian  and  Chester  beds  are  dipping  to  the  north  at  an  approximate 
rate  of  50  feet  to  the  mile.    At  one  time  in  geologic  history  these  deeper  sediments  in  subsurface  were 
connected  with,   and  were  laid  down  in  the  same  depositional  environment  as,   the  Oklahoma  Simpson 
Group,   the  Arbuckle  of  the  Anadarko  Basin,    and  the  Montoya  and  Ellenburger  of  the  Midland  Basin  of 
Texas  (Sloss,    1970). 

Where  deep  penetrations  of  the  sub-Sauk  (base  of  Middle  Ordovician  to  and  including  Cambrian) 
toward  the  granite  have  been  ventured,    you  would  have  expected  failures;  however,   the  many  shows  of 
oil  throughout  the  Devonian,   Silurian,   and  especially  the  Lower  Ordovician  and  Cambrian  Knox  to  the 
granite,   are  certainly  indicative  of  potential  extensive  oil  fields  to  be  discovered  when  the  deeper 
part  of  the  embayment  is  better  known  and  the  sandstone  and  limestone  are  found  in  their  original  un- 
cemented  and  undolomitized  condition.     Extrapolation  of  the  analytical  data  on  oil  dispersed  through- 
out the  basin  indicates  that  50  billion  barrels  of  highly  dispersed  oil  are  present  and  that  a  billion 
barrels  of  commercial  production  is  possible  (Stevenson,   this  publication,    p.   141). 

^Similar  articles  by  Mr.  Brehm  have  been  published  previously:   "Illinois  Basin:  Frontier  for  Deep  Tests" 
in  the  February,    1971  issue  of  "Petroleum  Independent"  of  the  Independent  Petroleum  Association  of 
America   and    "The  Illinois  Basin:  Frontier  for  Precambrian  Wildcatting"  in  the  May  24,    1971  issue  of 
"The  Oil  and  Gas  Journal.  "    The  present  article  is  published  with  permission  of  both  journals. 
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Fig.   1 


APPROXIMATE  LINE 
OF    X-SECTION 

BREHM   WELLS 

TEXACO  WELL 

ROUGH  CREEK 
FAULT   ZONE 

AREA  OF  DISCUSSION 
^SHELL  WELL 


Thickness  of  sediments  from  top  of  Middle 
Ordovician  to  top  of  Precambrian  basement 
(after  Bell  et  al.,    1964). 


We  can  consider  that  the  Mississippi 
Embayment  part  of  the  Illinois  Basin,   from  at 
least  the  sub-Sauk  sediments  to  the  granite, 
was  a  trough  extending  from  the  north  into  Ordo- 
vician and  Cambrian  seas  to  the  southwest  in- 
to Oklahoma  and  Texas  and  to  the  east  into  the 
Appalachian  Basin.     The  trough  was  interrupted 
by  an  arch  created  by  pressure  from  the  Ozarks 
on  the  west  and  by  overthrust  pressure  from  the 
Hicks  Dome  area  on  the  east  and  southeast. 
Thick  black  shale  source  beds  (New  Albany  Shale 
Group)  were  deposited  and  now  cross  the  area 
of  the  Rough  Creek- Cottage  Grove  Anticline. 
It  can  be  observed  that  the  north-south  cross 
section  of  the  Illinois  geologic  map  (Willman 
and  others,    1967)  taken  from  Cairo  to  Chicago 
shows  the  influence  of  the  Ozark  Uplift  and 
shows  that  the  full  geologic  column  below  the 
Cenozoic  and  Mesozoic  is  more  or  less  normal 
in  thickness. 

However,    in  the  north-south  cross  sec- 
tion that  we  are  taking  (fig.   2),   about  50  miles 
to  the  east,   all  these  sediments  below  the  Up- 
per Mississippian  diverge  and  dip  to  the  south- 
southeast.     Here  you  can  note  enormous  uncon- 
formities,  some  extending  from  the  Mississippian  all  the  way  into  the  Knox;  many  updip  wedgeouts  of 
sand  lenses;  changes  from  a  crystalline  lime  to  dolomite  updip;  numerous  facies  changes  creating 
stratigraphic  traps;  porphyry  knobs;  buried  granite  hills  with  their  flanking  beds;  and  porous  sand 
lenses.    All  result  in  a  myriad  of  production  possibilities  that  have  never  been  tested  in  20,000  cubic 
miles  of  sediments,   in  Illinois  alone,  below  the  top  of  the  Ottawa  Megagroup. 

Two  Devonian  wells  recently  completed  in  sec.   25-8S-3E,  Williamson  County,   Illinois,   and 
sec.  9-9S-5E,   Saline  County,   Illinois,    show  158  feet  of  southeast  thickening  from  the  top  of  the 
Lower  Mississippian  to  the  Devonian  (fig.  3).    This  same  continuing  divergence  of  geologic  section 
into  the  Knox  is  proven  by  continuing  this  cross  section  to  the  Texaco  well  in  Gallatin  County,   Illi- 
nois,  20  miles  to  the  east  and  tieing  into  the  Shell  well  50  miles  to  the  southeast  in  Crittenden  County, 
northwest  Kentucky.     An  intensive  campaign  with  vibra-seismograph  of  the  entire  area  from  north  of 
the  Rough  Creek-Cottage  Grove  Anticline  south  into  the  Mississippi  Embayment  proper  is  recommended 
to  fully  evaluate  this  stratigraphic  and  faulted  complex. 

A  key  to  sizable  anomalous  deeper  structure  may  be  seen  in  isopach  maps  of  the  interval  from 
No.  6  Coal  to  the  Aux  Vases  (fig.  4)  and  of  the  interval  from  the  Lower  Kinkaid  to  the  Aux  Vases  (fig.   5), 
Here  you  will  note  a  consistent  growth  of  this  Rough  Creek-Cottage  Grove  Anticlinal  Belt  through  both 
the  Pennsylvanian  System  and  the  Chester  Series.     Contours  on  the  first  isopach  are  about  twice  as 
congested  as  those  on  the  second  map.     Faults  are  shown  in  order  to  avoid  too  much  piling  of  contours 
at  25-foot  intervals.    The  growth  no  doubt  occurred  through  the  rest  of  the  Paleozoic  including  the  time 
of  deposition  of  the  Cambrian  portion  of  the  Knox,   but  the  total  displacement  in  the  deeper  rocks  was 
probably  two  or  three  times  the  magnitude  of  the  displacement  in  the  Chester  and  Pennsylvanian  rocks. 
Faulting  along  this  belt,   however,   is  more  recent,   probably  very  late  Pennsylvanian  or  early  Permian 
time,  during  the  Appalachian  Revolution.    This  younger  and,  I  stress,   more  recent  structural  move- 
ment of  faulting  with  as  much  as  300  feet  of  throw  in  the  Chester  and  Pennsylvanian  greatly  improves 
the  possibilities  for  accumulation  of  hydrocarbons.    This  300  feet  of  horst-like  and  graben-like  dis- 
placement noted  in  the  Pennsylvanian  and  Chester  rocks  could  easily  increase  to  1,000  feet  in  faulted 
traps  in  the  deep  Ordovician  and  Cambrian  rocks  on  the  north  and  south  sides  and  along  the  crest  of 
the  Rough  Creek-Cottage  Grove  Anticline.    In  this  case,   the  St.   Peter,   generally  referred  to  as  an 
aquifer  sand,  may  well  be  300  feet  of  oil-saturated  sediments  like  the  Simpson  Group  of  the  Anadarko 
Basin  of  Oklahoma,   and  a  condition  similar  to  the  condition  in  the  Central  Basin  Platform  of  west  Texas 
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BREMM     NO  I    GLEN 
25-8S-3E 

WILLIAMSON  CO.ILL 


SHELL    NO  I  OAVIS 
17-  L  -   16 
CRITTENDEN   CO.KT 


Fig.  3  -  Cross  section  showing  thickness  of  New  Albany  Shale  in  wells  drilled  in  southern  Illinois 
and  index  map  showing  thickness  of  sediments  from  top  Mid-Ordovician  to  basement  (after 
Bell  et  al.,    1964). 
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may  have  developed.    Also,    a  recent  test  by  the  Texas  Company  20  miles  east  of  this  area  and  very 
close  to  the  Rough  Creek  Fault  found  an  almost  entirely  shaled-out  section  of  St.  Peter,   indicating 
that  the  aquifer  may  be  changing  from  sand  to  shale.     This  thick  series  of  added  sediments  in  sub- 
surface could  be  equivalent  to  the  Hunton,   Viola,   McLish,   and  Arbuckle  zones  of  Oklahoma  and  their 
correlatives  in  west  Texas.     The  Hunton  formations  in  the  deep  part  of  the  Illinois  Basin  should  be  in 
their  original  state  as  porous  limestones  rather  than  being  present  as  secondary  dolomites  with  the 
lower  porosities  and  permeabilities  that  major  company  drilling  has  experienced  on  the  periphery  of 
this  Eastern  Interior  Basin. 

Graben  structures,   such  as  those  which  house  the  Fitts  pool  on  the  north  flank  of  the  Arbuckle 
Mountains  in  Oklahoma,   abound  in  the  environs  of  the  Shawneetown  Hicks  Dome  and  the  area  to  the 
west  and  south  in  southeast  Illinois  and  no  doubt  into  the  Mississippi  Embayment  area  (fig.   6).     Hydro- 
carbons could  likewise  be  well  protected  in  their  original  unaltered  state  in  this  area  of  intense  fold- 
ing and  faulting  in  the  same  way  as  in  the  Fitts  pool  example. 

It  is  possible  that  a  saline  basin  with  reef  and  algal  developments  (such  as  the  Delaware  Basin 
of  west  Texas  beyond  the  Central  Basin  Platform)  exists  beyond  this  anticlinal  belt  (Rough  Creek- 
Cottage  Grove)  as  you  pass  into  the  deeper  part  of  the  Mississippi  Embayment. 

The  green  signal  for  accelerated  deeper  exploration  of  this  area  was  given  by  five  recent  gas 
discoveries  made  in  the  Chester  by  me  and  others,   in  which  most  of  the  wells  had  hundreds  of  feet  of  shows 
of  oil,   with  oil  oozing  out  of  the  samples,   mostly  too  low  in  concentration  to  produce.    It  is  postu- 
lated that  this  faulted  anticlinal  belt  is  slowly  leaking  oil  and  that  the  less  viscous  gas  is  coming 
through  in  relatively  large  quantities,   accounting  for  widely  scattered  small  oil  pools  and  gas-pool 
wells  producing  up  to  nine  million  cubic  feet  per  day  with  no  stimulation  necessary. 

The  deepest  easily  mappable  horizon  with  abundant  well  control  is  the  top  of  the  Aux  Vases 
Formation  (fig.   7).     We  will  have  to  be  content  with  this  detailed  structural  map  since  the  only  addi- 
tional close  deep  well  drilled  was  the  Brehm  No.    1  Ozment  on  the  Brushy  Creek  Anticline  about  four 
miles  northwest  of  Harrisburg  in  sec.   9-9S-5E,   Saline  County.     This  well  was  drilled  to  4,930  feet 
to  the  Devonian  Dutch  Creek  and  encountered  a  tight  shaly  sandstone  section  which  gave  up  135  feet 
of  oil-and-gas-cut  mud  with  1,575  pounds  bottom-hole  pressure.     Gas  production  is  now  extended 
through  the  area  for  about  12  miles  along  the  anticline. 

Devonian  data  based  on  control  from  a  sparse  drilling  pattern  indicate  an  opening  to  the  south 
into  the  Mississippi  Embayment  with  sizable  closure  on  both  sides  of  the  Cottage  Grove  Anticlinal 
Belt  (fig.  8).     This  closure  against  its  faulted  sides  appears  to  be  about  25  miles  long  and  as  much 
as  4  miles  wide.     The  heavy  dashed  line  in  figure  8  also  shows  approximate  thickening  into  the  em- 
bayment to  the  south  and  southeast. 

Becker  and  Patton  (1968)  have  ably  summarized  the  occurrence  of  petroleum  in  pre-Silurian 
rocks,   and  a  quote  from  one  of  Patton'  s  students  is  most  appropriate:   "Basement  complex  is  a  fear 
of  being  in  mines  and  other  deep  places.  "    The  petroleum  industry  suffers  from  this  "basement  complex." 
Perhaps  the  fear  is  reflected  by  a  published  table,    "World  Production  and  Reserves"  (Levorsen,     1967. 
p.  40),   which  shows  that  the  greatest  total  production  was  from  the  shallowest  systems  of  the  Cen- 
ozoic  and  Mesozoic  Eras,    and  in  descending  order,    smaller  production  was  from  the  Paleozoic  down 
to  the  base  of  the  Cambrian.     You  might  suspect  that  the  drilling  was  easier  and  less  expensive  to 
do  in  the  younger  rocks  and  therefore  that  they  have  been  more  thoroughly  prospected.     Becker  and 
Patton  (1968,   quoted  with  permission  of  AAPG)  conclude: 

Marine  pre-Silurian  rocks  in  untested  or  inadequately  tested 
platform  and  basin  regions  ultimately  should  produce  signifi- 
cant amounts  of  petroleum.     Such  regions  which  do  not  ul- 
timately produce  commercial  petroleum  may  be  considered 
anomalous  in  the  sense  that  their  stratigraphic  and  struc- 
tural patterns  would  have  to  differ  from  those  of  similar  re- 
gions that  have  been  explored  and  tested. 

We  have  not  yet  effectively  communicated  with  those  corporate  executives  who  are  concerned 
with  their  company  reserves  and  control  the  purse  strings.     It  is  time  that  we  sell  the  top  management 
of  our  companies  and  the  independents,   who  find  the  lion'  s  share  of  the  petroleum  reserves  in  the 
United  States,   on  the  possibility  of  billions  in  reserves  to  which  so  many  speakers  have  alluded. 
These  billions  in  reserves  still  lurk  where  so  many  fear  to  tread. 
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Contours  on  Aux  Voses, 
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Oil  pool 
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Fig.   6  -  Structure  map  of  top  of  Aux  Vases  Sandstone  showing 

isopachs  of  interval  from  top  of  Ottawa 

Megagroup  to  basement. 
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Contours  on  bose  of 
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Fig.   8  -  Structure  map  of  base  of  New  Albany  Shale  showing 

isopachs  of  interval  from  top  of  Ottawa 

Megagroup  to  basement. 
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The  Eastern  Interior  Basin  is  a  region  that  has  large  and  growing  energy  requirements,   and 
large  gas  and  oil  pipelines  already  traverse  the  area.    At  the  Calgary  1970  AAPG  meeting,   an  economist 
with  a  large  eastern  bank  reported  that  by  the  1980'  s  this  midwest  district  of  the  United  States  would 
need  daily  an  additional  four  million  barrels  of  oil  or  equivalent  energy  fuel  from  Canada  and  six  mil- 
lion more  from  Venezuela  and  the  Mid-East  to  satisfy  its  requirements.     It  is  possible  that  we  could 
do  much  to  alleviate  this  deficiency  in  the  Eastern  Interior  Basin,  because  the  facts  point  to  additional 
substantial  reserves  generally  overlooked  in  the  Illinois  portion  of  the  Mississippi  Embayment. 

I  will  close  with  the  familiar  remark,    "Get  in  and  get  your  feet  wet.  "  There'  s  lots  of  room. 
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APPENDIX 

The  following  information  concerning  three  discoveries  made  since  the  writing  of  Mr.  Brehm1  s 
paper  was  submitted  on  July  19,  1971.     These  tests  seem  to  confirm  Mr.   Brehm'  s  structure  maps. 

1.  C.  E.  Brehm  No.   1  Chaney 

430'    N  -  330'   W  SE  NW  17-9S-4E,   Williamson  Co.,   111.  This  is  a  small  Cypress  producer 
at  a  depth  of  2,346  to  2,354.     I.  P.  P.  was  three  barrels  per  day  -  this  may  not  be  a  com- 
mercial producer. 

2.  C.  E.  Brehm  No.   1-B  Littlefair 

330'    N  -  550'    E  SW  NE  SW,    12-8S-2E,  Williamson  Co.,   111.    Aux  Vases  producer  from  per- 
forations   2,525   through    2,537  -  140   oil  with    some  water  per  day.     We  are  drilling  an 
offset  at  the  present  time. 

3.  C.  E.  Brehm  No.   1  Owens  Community 

500'    S  -  460'  E,    NW  SE  SW,    24-8S-3E,  Williamson  Co.,   111.     This  well  is  in  the  process 
of  completion.     A  drill  stem  test  of  the  Benoist  sand  from  2,451  to  2,463  recovered  15  0' 
gas  and  50'    HOCM  with  a  bottom-hole  pressure  of  520  pounds.     Also  a  one  hour  drill-stem 
test  of  the  Hardinsburg  sand  from  2,  078  to  2,  133  recovered  gas  to  the  surface  in  three  min- 
utes with  880  pounds  bottom-hole  pressure. 


EXPLORATION  POTENTIAL  OF  THE  ROUGH  CREEK  FAULT  SYSTEM 

Donald  G.  Sutton 
Kentucky  Geological  Survey,   Lexington,   Kentucky 


ABSTRACT 

The  Rough  Creek  Fault  System  is  a  complex  tectonic  element 
which  from  its  western  end  at  Hart'  s  Store  in  Pope  County,  Illinois, 
passes  generally  eastward,  entering  Kentucky  opposite  Shawneetown 
and  continuing  eastward  along  a  sinuous  course  north  of  and  roughly  par- 
allel to  the  axis  of  the  Moorman  Syncline  until  losing  definition  in  Hart 
County.  It  is  similar  to  and  subparallel  to  a  fault  system  in  Marion, 
Boyle,  and  Lincoln  Counties  which  butts  against  the  Kentucky  River 
Fault  System  in  Lincoln  County  and  may  be  a  westward  extension  of  the 
Kentucky  River  Fault  System. 

Geologically,  the  system  consists  of  normal  and  reverse  faults 
along  which  recurrent  movement  (pre-New  Albany  and  post-Pennsylva- 
nian,  at  least)  may  be  proved  and  which  in  some  places  are  crowded  in- 
to a  strongly  faulted  anticline  and  in  other  places  are  spread  out  into  a 
system  of  fault  blocks. 

The  vicinity  of  the  Rough  Creek  Fault  System  is  relatively  un- 
tested, except  in  portions  of  McLean  County,  as  compared  with  areas 
explored  to  the  north  and  south.  However,  the  abandoned  Concord 
Church  pool  (the  Hartford  pool  of  early  literature),  occupying  only  eighty 
acres  in  a  single  fault  sliver,  accumulated  a  quarter  of  a  million  barrels 
of  oil  from  the  Devonian  and  is  stratigraphically  the  deepest  of  any 
clearly  commercial  field  in  western  Kentucky.  The  system  is  notable 
for  the  large  number  of  shows  encountered  in  drilling  as  well  as  for  the 
unusually  large  number  of  stratigraphic  zones  in  which  theyoccur.  Inas- 
much as  the  area  of  the  Magnolia  Gas  Storage  field,  which  is  probably 
on  a  similar  structure  in  Hart-Larue-Green  Counties  in  the  Cincinnati 
Arch  Subprovince,  is  large,  the  Rough  Creek  Fault  System  probably  has 
large-scale  potential  for  oil  or  gas,  especially  in  the  Devonian  and 
deeper  horizons. 

Much  has  been  written  and  spoken  about  the  Rough  Creek  Fault  System,   and  it  has  been  known 
by  several  terminologies.    I  shall  refer  to  it  as  the  Rough  Creek  Fault  System  or  just  Fault  System. 
It  is  an  east-west  trending  uplift  that  enters  Kentucky  on  the  west,   approximately  15  miles  west  of 
Morganfield,   and  extends  eastward  along  a  sinuous  course  roughly  paralleling  the  axis  of  the  Moor- 
man Syncline  to  the  south  (fig.   1).     The  Fault  System  loses  its  identity  on  the  east  in  Hart  County 
(fig.  2). 

It  is  essentially  a  compressional  fold.    In  some  places  it  occurs  as  a  single  high-angle  re- 
verse fault  accompanied  by  a  few  minor  faults,   the  main  fault  being  upthrown  to  the  south  (fig.   1). 
At  ot'-er  places  it  may  spread  out  into  a  complex  pattern  of  block  faulting,  which  may  consist  mostly 
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of  normal  faults.     There  are  a  few  faults  out  front,  or  to  the  north,  of  the  main  fault.     In  general, 
these  are  normal  faults  striking  north-northeast.     In  some  localized  areas  the  fold  has  been  interpreted 
as  being  overturned.    The  faults  in  the  System  are  usually  high-angle,   and  any  given  fault  tends  to 
vary  in  strike  and  amount  of  dip  along  its  length.     In  general  there  is  no  systematic  downthrow  in  one 
direction,  especially  where  there  is  a  lot  of  block  faulting.     The  length  of  this  System  in  Kentucky  is 
more  than  110  miles. 

The  Fault  System  is  similar  to,  in  some  respects,   and  subparallel  to  a  fault  system  in  Marion, 
Boyle,   and  Lincoln  Counties  (fig.   2).    On  the  east,   these  faults  terminate  against  the  north- northeast- 
ward trending  Kentucky  River  Fault  System  in  Lincoln  County.     They  may  be  considered  a  westward 
extension  of  the  Kentucky  River  Fault  System  and  may  also  be  an  eastward  extension  of  the  Rough 
Creek  System. 

The  Rough  Creek  Fault  System  was  essentially  formed  at  the  close  of  the  Paleozoic  Era  when 
the  basin  areas  to  the  north  and  south  were  downwarped  more  to  the  south.     There  is  some  evidence 
of  displacement  in  the  Devonian  near  the  eastern  end  of  the  fault  complex.     There  is  a  thinning  of  the 
Devonian  from  614  feet  in  the  No.  5  Paris  well  in  17-N-28  to  approximately  40  feet  in  a  well  in  25-M- 
38,   Grayson  County,   in  a  distance  of  about  40  miles.     Part  of  this  thinning  has  been  attributed  to 
faulting.     Freeman  (1951)  identifies  pre -Chattanooga  movement  in  Grayson  County  by  abrupt  thicken- 
ing of  Middle  Devonian  rocks  south  of  the  fault  (fig.  3).     Her  interpretation  was  that  the  north  side 
was  high  during  Hamilton  time.     Late  Jeffersonville  sediments  were  cut  off  the  high  and  redeposited 
during  the  Hamilton  in  the  area  surrounding  the  upland.     The  sharp  change  from  New  Albany  black 
shale  on  thin  Jeffersonville  to  the  black  shale  over  the  Hamilton  trash  zone  on  a  full  Jeffersonville 
takes  place  in  such  a  short  distance  that  faulting  is  the  best  way  to  explain  it.     The  section  of  the 
Grand  Tower  in  which  the  Tioga  bentonite  is  observed  in  the  No.   5  Paris  well  in  17-N-28  is  not  present 
in  the  Grayson  County  well.     However,   there  is  not  enough  information  elsewhere  to  say  that  the  en- 
tire Fault  System  could  have  had  movement  during  the  Devonian. 

North  of  the  Fault  System,   the  regional  structure  is  a  more  or  less  gentle  northwest  dip,   locally 
cut  by  a  few  faults  or  interrupted  by  reversals  of  dip  forming  separate  structural  features.     To  the  south 
the  formations  dip  away  from  the  fault  into  the  Moorman  Syncline.    Where  the  faulting  is  in  general 
a  single  reverse  fault,  the  beds  have  steep  south  dips  and  in  places  they  are  practically  vertical. 

Evidence  of  reversal  along  the  system  can  be  shown  by  some  selected  outcrops  and  by  records 
of  a  few  wells  which  cut  the  main  reverse  fault.    Outcrops  are  present  west  of  Morganfield  on  Kentucky 


Fig.   3  -  Section  across  the  Rough  Creek  Fault  Zone  illustrating  date  of  early  fracture.     Taken  from 
Freeman,    1951. 
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Highway  56  at  Bald  Knob  in  section  24-0-18  where  Mississippian  limestones  and  shales  have  been 
thrust  over  Pennsylvanian  rocks;  also  southeast  of  Morganfield  on  Chalybeate  Ridge  in  the  northwest 
corner  of  N-20;  near  Tilden  in  the  south  part  of  N-22;  and  at  Sebree  in  19-N-24,  where  the  Kinkaid 
Limestone  is  exposed  at  the  surface  south  of  the  fault.    Outcrops  are  also  present  eastward  from  Ohio 
County  into  Grayson  County,  where  older  beds  are  on  the  upthrown,  or  south,   side  of  the  fault.    Loca- 
tions of  wells  showing  reversal  are  in  sections  2-N-19  with  800  feet  displacement,   21-N-23  with  1,000 
feet,  4-M-23  with  1,580  feet,    18-N-24  with  1,400  to  1,500  feet,  and  25-M-38  with  about  1,270  feet. 

The  following  is  a  list  of  some  of  the  wells  drilled  to  the  Devonian  lime  or  deeper  within  or 
along  the  Rough  Creek  Fault  System.    The  Devonian  top  in  the  wells  listed  below  is  interpreted  as  being 
the  top  of  the  lime  section. 

Pierce  and  Flanagan  No.  2  Sol  Blue,   21-0-18  Union  County,  Devonian  at  4,545  feet. 
Probably  tested  Ordovician.    Total  depth  5,955  feet. 

Sun  Oil  Co.  No.  3  A.  B.  Robertson,   22-0-18  Union  County,   Devonian  at  4,502  feet. 
Total  depth  4,599  feet. 

Texaco  No.  L-20  Camp  Breckinridge  Tr.  No.   2,   4-N-20  Union  County,  Devonian  at 
4,684.     Total  depth  5,002  feet. 

Ashland  Oil  and  Refining  No.  F-l-F  Camp  Breckinridge  Tr.  No.  3,   15-N-21  Union 
County,  Devonian  at  4,666  feet  and  Knox  at  7,638  (subsea  -7,  157  feet).     Total  depth 
8,594  feet. 

Iley  Browning  No.  5  Ramsey,   22-N-24  Webster  County,  Devonian  at  3,  140  feet. 
Total  depth  3,  217  feet. 

Citizens  Oil  No.   1  J.  R.  Ramsey,   22-N-24  Webster  County,  tested  Devonian.    Total 
depth  3,200  feet. 

Powell  No.   1  Fee,   22-N-24  Webster  County,   Devonian  at  3,  164  feet.    Total  depth 
3,405  feet. 

Pure-Ashland  and  Browning  No.   1  Walker,   22-N-24  Webster  County.    Devonian  at 
3,  205  and  Knox  at  5,  586  feet  (subsea  -5,  096) .    Total  depth  6,  688  feet. 

Texas  Gas  Transmission  No.   1  A.  Kerrick  Heirs,   4-M-28  McLean  County,  Devonian 
at  3,  205  feet  and  Knox  at  5,  634  feet  (subsea  -5,  184) .    Total  depth  6,  829  feet. 

Miller  and  Shiarella  No.  5  Paris,    17-N-28  McLean  County,   Devonian  at  3,615,  tested 
680  feet  of  Ordovician.    Estimated  subsea  on  Knox  -5,575.     Total  depth  5,415  feet. 

Miller  and  Shiarella  No.  21  Wiggins,   20-N-27  McLean  County,  Devonian  at  3,813 
feet.    Total  depth  4, 157  feet. 

Van  Tuyl  No.   1  Murphy,   13-M-29  McLean  County,  Devonian  at  3,595.    Total  depth 
3,800  feet. 

Har-Ken  Oil  Co.  No.   1  F.  Turner,    18-N-28  Daviess  County,  Devonian  at  3,520  feet. 
Total  depth  3,820  feet. 

Moon  Oil  Co.  No.   1  Mohon,   21-N-29  Daviess  County,  Devonian  at  about  3,080  feet. 
Total  depth  3,470  feet. 

Ohio  Oil  Co.  No.   1  Oiler,    13-M-34  Ohio  County,   Devonian  at  1,545  feet,   tested 
Ordovician.     Total  depth  2,503  feet. 

Sun  Oil  Co.  No.   1  Woods,   25-M-38  Grayson  County,   Devonian  at  494  feet  and  Knox 
at  1,812  feet  (subsea  -1,090)  and  back  in  the  Knox  after  faulting  at  3,084  feet  (subsea 
-2,362).     Total  depth  3,651  feet. 

Sun  Oil  Co.  No.  2  Woods,   25-M-38  Grayson  County,   Devonian  at  776  feet.    Tested 
Ordovician.     Total  depth  1,592  feet. 

Southwest  of  the  area  for  comparison: 

The  Shell  Oil  Co.  No.  1  Davis,    17-L-16  Crittenden  County,  Devonian  at  1,450  feet 
and  Knox  at  4,816  feet  (subsea  -4,  443) .    Total  depth  8,  821  feet. 

Ryan  No.  5  Fee,    19-H-22  Caldwell  County,   Devonian  at  3,308  and  Knox  at  5,878 
(subsea  -5,  196).    Total  depth  6,740  feet. 
Several  wells  were  drilled  to  the  Devonian  in  Ohio  and  Grayson  Counties.     Production  was  ob- 
tained in  one  field,  which  will  be  discussed  later. 

West  of  Ohio  County,  or  for  approximately  one-half  the  length  of  the  Fault  System,  there  have 
been  only  nine  tests  to  the  Devonian,   two  tests  to  the  Ordovician,   and  three  tests  to  the  Knox.    The 
eastern  half  has  had  more  Devonian  testing,  with  records  of  17  in  Ohio  County  and  at  least  27  in  Gray- 
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son  County,   in  addition  to  two  Ordovician  tests  and  one  Knox  test.     Twelve  of  the  Devonian  tests  in 
Ohio  County  are  confined  to  the  Concord  Church  pool,   and  at  least  10  of  the  tests  in  Grayson  County 
are  in  the  Leitchfield  Gas  field.    The  preceding  list  of  wells  shows  the  very  scarce  information  on 
deeper  formations. 

Because  of  the  scarcity  of  wells  drilled  to  the  Devonian  and  deeper  within  the  Fault  System, 
very  little  is  known  about  the  stratigraphy  and  oil  and  gas  potentials  below  the  Mississippian  along 
this  trend. 

Since  there  is  a  possibility  that  similar  sediments  were  being  deposited  in  both  the  western 
and  eastern  portions  of  Kentucky  until  the  development  of  the  Cincinnati  Arch  in  late  Ordovician  or 
early  Silurian  time  (possibly  after  Brassfield  time),   we  can  expect  somewhat  comparable  formations  on 
each  side  of  the  present  arch.     The  correlation  chart  shows  what  formations  can  be  expected  (fig.  4). 
The  older  formations  in  the  Jackson  Purchase  region  of  southwest  Kentucky  are  added  to  the  lower  por- 
tion of  the  western  Kentucky  stratigraphic  section  for  comparison  with  formations  in  eastern  Kentucky. 

The  formations  down  through  the  Silurian  have  been  well  discussed  and  written  up  in  literature 
and  will  not  be  discussed  here.    Horizons  which  have  been  productive  are  indicated  on  the  chart.    The 
Devonian  may  vary  in  thickness  from  40  feet  in  the  east  to  more  than  1,  100  feet  in  the  west.     The 
lower  part  is  absent  in  the  east.    The  Silurian  may  vary  from  350  feet  to  550  feet  in  thickness. 

The  Upper  Ordovician  consists  of  limestones,    some  of  which  are  argillaceous;  shales;  and 
some  sandstone.     The  Garrard  Sandstone  is  present  in  portions  of  central  Kentucky.    The  Fairmount 
has  been  a  productive  horizon  in  central  Kentucky. 

The  Middle  Ordovician,  the  Trenton  and  the  Black  River,   consists  of  limestones  with  minor 
amounts  of  shales  and  dolomite.    The  Granville  and  Sunnybrook  horizons  have  been  productive  in  the 
Trenton;    and  the  Lower  Sunnybrook,   Stones  River,   and  Murfreesboro  horizons  have  been  productive 
in  the  Black  River.     The  Chazy  portion  is  mostly  dolomites  with  some  shales  and  the  St.   Peter  Sand- 
stone.    The  Upper  and  Middle    Ordovician  may  vary  from  400  feet  to  1,  400  feet  in  thickness. 

The  Lower  Ordovician  is  represented  in  eastern  Kentucky  by  the  upper  part  of  the  Knox  Group, 
which  is  divided  into  the  Newala,   Longview,   and  the  Chepultepec  in  descending  order,   and  in  western 
Kentucky  by  the  Cotter,   Jefferson  City,  Roubidoux,   and  Gasconade  Formations  and  the  Gunter  Sand 
Member. 

The  Newala  and  Longview  are  brown  and  gray,   fine-  to  coarse-crystalline  dolomites  with  some 
sand  and  chert. 

The  Chepultepec,   in  eastern  Kentucky,  can  be  divided  into  upper  and  lower  units.     The  upper 
unit  is  a  white,   tan,   light  brown-gray  silty  dolomite,  which  may  contain  sand  grains  and  glauconite. 
The  elastics  are  finer  than  in  the  lower,    sandy  unit.     The  top  is  characterized  by  silt,   glauconite, 
thin  green  shale  laminations,   and  less  chert  than  the  overlying  Longview  dolomite.     The  lower  unit 
consists  of  sandy  dolomites  and  thin  sandstone  beds.    Wherever  a  well  sorted,   clean,   fairly  friable, 
subrounded  to  rounded,  and  clear  to  frosted  fine-  to  coarse-grained  sandstone  is  well  developed,  the 
informal  term  Rose  Run  Sandstone  has  been  applied  to  this  horizon.     It  may  occur  any  place  within 
this  lower  unit  but  usually  occurs  in  the  upper  part  of  it.     The  Lower  Ordovician  may  vary  from  350  feet 
to  1,750  feet  in  thickness. 

The  Cambrian  contains  the  lower  part  of  the  Knox  Group  at  the  top,   followed  by  the  Conasauga, 
Rome,   Shady-Tomstown,    and  the  basal  sand. 

The  Knox  portion,  the  Copper  Ridge,   is  a  tan  or  brown,   crystalline  dolomite  which  contains  some 
oolitic  chert  near  the  top  and  may  vary  in  thickness  from  700  feet  to  1,500  feet.     In  western  Kentucky 
this  formation  is  represented  by  the  Eminence,    Potosi,   and  Elvins  Formations. 

The  Conasauga  is  a  blue-gray  or  white  oolitic  limestone  which  contains  some  fine-grained, 
gray-green,   clayey  shales.     It  may  be  from  50  feet  to  3  20  feet  thick.     It  is  represented  in  the  west 
by  the  Bonneterre  Formation.     Black  shales  are  present  in  the  Bonneterre  Formation  in  Pemiscot  County, 
Missouri,   and  in  the  Jackson  Purchase  region  and  should  be  a  good  deep  source  bed  for  hydrocarbons. 

The  Rome  Formation  may  vary  considerably  both  in  thickness  and  lithology.     It  may  be  from 
250  feet  to  more  than  4,560  feet  thick.    It  includes  sandstone,    siltstone,    shale,   limestone,   and  dolo- 
mite.    The  sandstone  is  predominant  in  the  lower  part,    and  siltstone   and    shale  are  predominant  in  the 
upper  pan.    The  sandstone  is  fine-  to  coarse-grained,   angular  to  rounded,   micaceous,   and  glauconitic. 
The  siltstones  are  glauconitic  and  micaceous.    The  formation  contains  a  lot  of  black,  carbonaceous 
shale  and  also  green,  red,   purple,   and  gray  shales.    The  limestones  are  brown  and  gray  and  very 
finely  crystalline;  some  are  oolitic  and  some  fossiliferous. 
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Fig.  4  -  Diagrammatic  comparison  of  potential  pay  horizons  in  the  Rough  Creek  Fault  System  with  those 
of  the  Cincinnati  Arch  area  and  the  Appalachian  Basin. 
Symbols  used:     #  -oil;   •£}  -gas;  -JK-  -oil  and  gas. 

Abbreviations  used:  Absa.  -  Absaroka;  Alb.  -  Albertan;  Alex.  -  Alexandrian;  Arnh.  -  Arnheim; 
Big  Lm.  -  Big  Lime;  Brownspt.  -  Brownsport;  Cam.  -  Camden;  Cana.  -  Canadian;  Cath.  -  Catheys; 
Cayu.  -  Cayugan;  Champ.  -  Champlainian;  Ches.  -  Chester;  Cine.  -  Cincinnatian;  Clear  Ck.   - 
Clear  Creek;  Cyn.   -  Cynthiana;  Dev.  -  Devonian;  Dutch  Ck.  -  Dutch  Creek;  Dutcht.  -  Dutchtown; 
E.  -  Eden;  Fairmt.   -  Fairmount;  Fernv.  -  Fernvale;  Har.  -  Harriman;  Jeffc.  -  Jefferson  City;  Kind.  - 
Kinderhook;  L.  -  Lower;  Lex.  -  Lexington;  Little  Lm.  -  Little  Lime;   M.  -  Middle;  Maq.  -  Maquoketa; 
Mayn' v.  -  Maynardville;  Mays.  -  Maysville;   Mera.   -  Meramec;  Murfreesb.  -  Murfreesboro;  Nash.  - 
Nashville;  Niag.  -  Niagaran;  Nolich.   -  Nolichucky;  Ocoee  Ser.  -  Ocoee  Series;  Osg.   -  Osgood; 
fPN  -  Pennsylvanian;    R.  -  Richmond;  Rose  R.  -  Rose  Run;  Seq.  -  Sequatchie;  Silur.  -  Silurian; 
Sneedv.  -  Sneedville;  St.   Cx.  -  St.   Croixan;  Ste.  Gen.  -  Ste.  Genevieve;  Stones  R.  -  Stones  River; 
U.  -  Upper;  Wald.  -  Waldron;  Wauc.  -  Waucoban;  Wayne  Gr.  -  Wayne  Group;  Wells  Ck.  -  Wells  Creek. 

The  Shady- Tom stown  (0  feet  to  160  feet  thick)  is  white,   gray,  or  brown,   finely  crystalline  dolo- 
mite,   which    may  be  partially  sandy  or  argillaceous.     In  the  west  the  Rome  and  Shady-Tomstown  are 
represented  by  a  portion  of  the  Lamotte  Formation. 

The  basal  sand  (50  feet  to  300  feet  thick)  may  be  arkosic  or  clean  and  fine  grained  to  very 
coarse  grained.    In  some  areas  it  may  have  a  clayey  matrix.    The  term  Antietam  Sand  has  also  been  a 
name  associated  with  this  section.     It  is  represented  in  the  west  by  the  Lamotte  Sand. 
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We  know  that  production  has  been  obtained  from  formations  as  old  as  the  Devonian  in  western 
Kentucky.     In  the  Concord  Church  pool  the  Devonian  did  produce  oil  in  a  single  fault  sliver  in  the  Fault 
System  and  such  possibilities  should  exist  elsewhere  within  the  remaining  portions  of  the  Rough  Creek 
Fault  System. 

The  Trenton  and  Black  River  Formations  usually  seem  to  depend,   for  oil  or  gas  accumulation, 
upon  porosities  resulting  from  fracturing  and  secondary  dolomitization.     These  types  of  porosities 
should  be  encountered  in  the  fractured  portions  of  the  complex  Fault  System. 

The  Trenton-Black  River  has  been  productive  in  Clinton  and  Cumberland  Counties  on  the  Cin- 
cinnati Arch  from  probable  fracture  porosity.  These  formations  have  had  significant  shows  of  oil  and 
gas  in  Clark,  Madison,  Powell,  and  Estill  Counties,  especially  in  the  vicinity  of  faulting.  One  ex- 
ample of  fracture  and  dolomitization  porosities  where  the  Trenton  and  Black  River  have  produced  sev- 
eral million  barrels  of  oil  and  considerable  amounts  of  gas  is  the  Albion-Scipio  trend  in  southern  Mich- 
igan. As  of  January  1,  1971,  the  pipeline  runs  were  92,922,976  barrels  of  oil,  and  gas  sales  were 
108,608,500,000  cubic  feet. 

An  exception  to  this  type  of  production  is  shown  in  central  Kentucky  in  the  Upper  Ordovician 
and  in  portions  of  the  Middle  Ordovician.     Here  production  is  essentially  controlled  by  stratigraphic 
pinchouts,   such  as  are  seen  in  the  Fairmount  of  Upper  Ordovician,   the  Granville  and  Sunnybrook  hor- 
izons of  the  Trenton,   and  the  Lower  Sunnybrook  and  Murfreesboro  horizons  of  the  Black  River. 

The  St.   Peter  Sandstone  has  produced  gas  in  portions  of  Clark,   Estill,   and  Powell  Counties. 

The  upper  part  of  the  Knox  is  productive  in  Adair,    Casey,    Pulaski,   Laurel,    Clinton,   and  Cum- 
berland Counties.    Wherever  drilled,   some  porous  zones  with  fluids  have  always  been  encountered. 

I  would  like  to  point  out,  even  though  they  are  out  of  the  discussed  area,  that  in  the  Shell  No. 
1  Davis  test  in  Crittenden  County  and  in  the  Ryan  No.  5  Fee  test  in  Caldwell  County  several  zones 
of  porosity  were  encountered  in  the  Knox. 

Except  in  the  productive  area  of  the  Knox,  the  upper  part  of  the  Chepultepec,   above  the  Rose 
Run  Sand,  has  yielded  more  consistent  shows  of  oil  and  gas  than  any  other  unit  in  the  Knox  Group. 

The  characteristic  bitumen  and  asphaltic  residues,   indigenous  to  the  Copper  Ridge  dolomite, 
indicate  possible  organic  sources  for  hydrocarbons  in  this  portion  of  the  Knox  Group. 

In  eastern  Kentucky  there  have  been  substantial  shows  of  oil  and  gas  encountered  in  the  for- 
mations below  the  Knox.     The  thick  shales  of  the  Rome,   some  of  which  are  black  and  carbonaceous, 
should  be  good  organic  sources  for  hydrocarbons. 

Although  the  amount  of  well  control  is  not  great,   it  is  now  known  that  the  Middle  and  Lower 
Ordovician  and  Cambrian  rocks  of  Kentucky  include  clastic  and  carbonate  reservoir  beds  with  suffi- 
cient thickness,   porosity,   and  permeability  to  provide  for  major  oil  and  gas  accumulations.     It  has 
been  said  that  post-Ordovician  rocks  constitute  approximately  25  percent  of  the  sedimentary  section 
in  the  state,   which  leaves  the  remainder,   about  75  percent,  relatively  untested. 

It  has  been  postulated  that  this  dominant  east-west  Fault  System  is  related  to  an  active  Early 
Cambrian  hinge  line  and  that  in  western  Kentucky  a  pronounced  gravity  minimum  parallels  the  Fault 
System.     Bristol  and  Buschbach  (111.  Pet.  96)  have  pointed  out  that  the  Rome  Trough,  which  contains 
thick  Cambrian  deposits  in  eastern  and  central  Kentucky,   appears  to  extend  westward  through  the 
area  of  the  Moorman  Syncline  into  the  ancestral  Reelfoot  Basin.    If  this  is  true,   it  could  be  an  expla- 
nation for  the  gravity  minimum  that  parallels  the  Rough  Creek  Fault  System.     The  northward  thinning 
of  these  beds  towards  the  Fault  System  should  afford  areas  of  good  pinchouts.    Atherton  (111.  Pet.  96) 
has  indicated  that  faulting  in  Pre-Cambrian  time  is  suspected  in  some  locations.     For  example,   a 
likely  location  of  early  faulting  that  has  persisted  into  the  Paleozoic  is  the  Rough  Creek-Kentucky 
River  Fault  Systems.    This  faulting  is  a  major  line  of  weakness,  and  there  is  evidence  of  faulting 
during  Cambrian  time  along  part  of  this  zone.    A  basement  scarp  underlies  parts  of  the  fault  zone, 
particularly  along  the  eastern  part  of  the  north  flank  of  the  Rome  Trough.     Possibly  some  seismic, 
gravity,  or  magnetometer  surveys  could  disclose  some  favorable  features. 

The  great  thickness  of  Chazyan  rocks  in  western  Kentucky  indicates  that  during  Chazy  time 
this  area  was  subsiding  relative  to  surrounding  areas.    Abrupt  thinning  of  Longview-Newala  along 
the  Early  Cambrian  hinge  line  has  probably  resulted  in  truncation  of  porous  zones  at  the  post-Knox 
unconformity.     Traps  may  be  associated  with  the  post-Knox  unconformity  as  (1)  buried  hills,    (2)  pre- 
Chazy  folds,   and  (3)  truncated  porosity  zones.     The  same  conditions  could  exist  in  the  Devonian,    since 
it  has  been  shown  that  the  system  thins  eastward  from  McLean  County  into  Grayson  County. 
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It  will  be  pointed  out  later  that  north  of  the  Fault  System  there  has  been  considerable  production 
from  the  Mississippian  and  from  some  Pennsylvanian  formations.     Since  these  formations  were  deposited 
concurrently  through  the  area,   why  should  we  not  expect  somewhat  similar  production  possibilities 
within  the  Fault  System?    It  is  true  that  locally  some  of  the  Pennsylvanian  and  Chester  horizons  have 
been  lost  by  erosion  on  the  upthrown  side  of  the  major  faults.     Just  how  much  alteration  has  taken 
place  as  a  result  of  faulting  remains  to  be  seen.     In  all  probability  there  have  been  some  compaction 
and  recementation  in  the  immediate  vicinity  of  the  major  faults.    One  example  is  shown  in  the  Sun  Oil 
Co.  No.   1  M.   Mills,   just  south  of  a  major  fault  on  the  line  between  sections  6  and  7-N-20,  Union 
County,  drilled  in  1938,   where  the  surface  exposures  exhibited  dips  of  approximately  15°  to  the  south. 
A  total  of  76  rock  bits  and  a  few  core  heads  were  used  in  the  drilling  of  this  2,  246-foot  hole,  which 
tested  the  McClosky.    The  Tar  Springs,   Hardinsburg,  and  Bethel  Sandstones  were  quite  quartzitic  and 
saturated.     Since  then,  drilling  techniques  and  completion  procedures  have  been  improved.    We  can 
assume  that  the  sands  become  more  porous  farther  down  dip,   and  more  investigations  should  be  made 
in  this  direction. 

There  has  been  very  little  production  below  the  Mississippian  within  the  Fault  System. 

One  field,   the  Concord  Church  pool,   in  21-M-32  and  25-M-33,  Ohio  County,   did  produce 
around  250,  000  barrels  of  oil  from  six  or  seven  wells  in  the  Devonian.    It  was  discovered  in  1912, 
and  approximately  12  holes  were  drilled.     Production  was  obtained  in  porous  zones  from  125  to  225 
feet  below  the  top  of  the  Devonian  lime  at  depths  ranging  from  1,  600  to  1,  800  feet.     Most  wells  be- 
gan on  the  downthrown  side  of  a  southward-dipping  normal  fault.    The  fault  was  cut  in  the  Missis- 
sippian section  and  terminated  in  the  Devonian  on  the  upthrown  side. 

One  well,  the  Miller  and  Shiarella  No.  5  Paris  in  section  17-N-28,   McLean  County,  which 
penetrated  680  feet  of  Ordovician,  had  an  oil  show  in  the  Dutch  Creek  Sandstone  of  Devonian  age. 
This  show  tested  for  25  barrels  of  oil  per  day  at  a  depth  of  around  3,  770  feet  but  was  considered  non- 
commercial at  the  time.    In  a  confirmation  test,  the  No.  21  Wiggins,   a  mile  or  so  west  on  the  Guffie 
structure  in  20-N-27,   drilled  by  the  same  operators,   the  Dutch  Creek  Sandstone,  being  a  sandy  dolo- 
mite, was  too  poorly  developed  to  make  a  commercial  well. 

A  small  non-commercial  well  was  completed  in  the  Ordovician  in  the  Pure-Ashland  and  Brown- 
ing No.  1  Walker,  a  Knox  test,  in  22-N-24,  Webster  County,  on  the  Sebree  Anticline.  Porous  zones 
were  also  present  in  the  Devonian,   St.  Peter,   and  Knox. 

There  are  a  considerable  number  of  producing  fields  in  McLean  County  within  the  Fault  System. 
A  few  wells  produce  from  the  Pennsylvanian  and  McClosky,  the  greater  number  from  lenticular  Chester 
sandstones,   namely  the  Tar  Springs,   Hardinsburg,   Jackson,   Cypress,   and  Bethel.    Two  of  the  larger 
fields  are  the  Guffie  and  the  Cleopatra  Consolidated,   both  in  N-27.     The  Guffie  field  was  discovered 
in  1946  and  had  produced  6,040,927  barrels  of  oil  through  December  1970;  and  the  Cleopatra  Consoli- 
dated,  discovered  in  1938,  has  produced  2,840,020  barrels.     The  Guffie  field  is  still  producing  around 
16,  000  barrels  per  month  from  60  wells  and  the  Cleopatra  field  is  producing  around  4,  000  barrels  per 
month  from  14  wells. 

The  Leitchfield  Gas  field  in  L-39,  Grayson  County,   near  the  eastern  end  of  the  Fault  System, 
is  an  example  of  production  south  of  and  near  the  faulting.     Production  is  from  the  Mississippian  and 
New  Albany  black  shale.    Another  field  associated  with  a  fault  is  the  Magnolia  Gas  Storage  field 
along  the  borders  of  Hart  and  Larue  Counties  in  L-46  and  L-47,  which  produced  from  the  Silurian. 
This  fault  has  been  pointed  out  as  being  a  possible  extension  of  the  Rough  Creek  System.    This  field 
is  in  a  fault  block  and  is  approximately  seven  and  a  half  miles  long  and  nearly  a  mile  wide  at  its 
widest  extent. 

Why  has  a  large  area  of  the  Fault  System  not  been  tested,   except  in  the  McLean  County  block 
faulted  area?    It  was  tested  and  drilled  there  because  the  formations  were  shallow,  there  were  many 
producing  horizons,   there  was  fairly  easy  drilling,   and  it  offered  a  fast  pay-out  on  investments. 
There  was  no  need  for  deeper  drilling  since  sufficient  revenue  was  obtained  at  the  shallower  depths. 
Drilling  was  found  to  be  costly  and  difficult  in  other  areas.    An  example  can  be  shown  by  the  Sun  Oil 
No.   1  Wood  cable-tool  test  in  section  25-M-38,  Grayson  County.   Several  times  casing  had  to  be  re- 
moved and  sections  replaced  where  the  drill  cable  had  worn  holes  in  the  pipe  as  a  result  of  crooked 
hole  conditions.    The  previously  mentioned  Sun  Oil  No.   1  M.   Mills  in  Union  County  is  an  example  in 
which  the  cost  per  foot  drilled  was  excessive.     Better  drilling  techniques  are  available  now  for  easier 
and  quicker  drilling  under  such  conditions. 
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It  has  been  shown  that  within  the  sedimentary  column  of  Ordovician  and  Cambrian  beds  in 
Kentucky  there  are  sufficient  thickness,   porosity,  permeability,   and  source  beds  to  provide  for  major 
oil  and  gas  accumulations.     This  section  constitutes  approximately  75  percent  of  the  sedimentary 
rocks  in  Kentucky  and  it  remains  essentially  untested.    As  for  these  deeper  possibilities,  why  can't 
we  assume  that  the  formations  will  be  somewhat  similar  to  those  in  eastern  Kentucky,  where  signifi- 
cant shows  of  oil  and  gas  have  been  found  in  the  Silurian,  the  Ordovician,  the  Copper  Ridge  portion 
of  the  Knox,  the  Rome,  the  Tomstown,  and  the  basal  sand? 

Production  has  been  established  in  the  Pennsylvanian  and  in  the  Mississippian  north  of  the 
faulting  from  the  western  part  of  the  state  for  a  distance  of  approximately  80  miles  to  the  east  side 
of  Ohio  County  (fig.   1).    Why  should  we  not  assume  that  there  are  similar  production  possibilities 
south  of  this  in  the  Rough  Creek  Fault  System  since  the  sediments  were  deposited  concurrently  over 
the  areas  ?     With  the  large  basin,  the  Moorman  Syncline  to  the  south,   and  prominent  dips  into  the 
basin  affording  drainage  toward  the  Fault  System,  there  should  be  sufficient  possibilities  for  oil  and 
gas  accumulations. 

Since  the  shallow  formations,  the  Pennsylvanian  down  through  the  Ste.  Genevieve,  through- 
out the  Fault  System  are  similar  to  those  that  produce  to  the  north  of  it,  there  should  be  production 
potentials  in  this  Fault  System.    It  has  been  shown  that  there  have  been  substantial  shows  of  oil  and 
gas  in  older  formations  in  eastern  Kentucky;  therefore  we  should  expect  such  conditions  in  the  western 
portion.    In  the  eastern  half  of  the  Fault  System  there  have  been  two  Ordovician  tests  and  one  Knox 
test.    The  Devonian  has  been  tested  at  least  17  times  in  Ohio  County  and  at  least  27  times  in  Gray- 
son County.    In  the  western  half  there  have  been  only  nine  Devonian,  two  Ordovician,  and  three  Knox 
tests.    This  leaves  a  vast  area  and  a  thick  section  of  sedimentary  rocks  essentially  untested,   and  we 
certainly  cannot  say  that  both  the  shallow  and  deeper  possibilities  within  the  Rough  Creek  Fault  System 
are  condemned. 
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FORT  PAYNE  PRODUCTION  IN  THE  CUMBERLAND  SADDLE  AREA  OF  KENTUCKY 

AND  TENNESSEE 

Edward  N.  Wilson 
Kentucky  Geological  Survey,   Lexington,  Kentucky 


ABSTRACT 

Significant  Fort  Payne  production  was  found  in  Wayne  and  Mc- 
Creary  Counties,  Kentucky,  well  before  our  current  annual  production 
figures  by  county  became  available.  Substantial  areas  of  "Beaver" 
(near  the  base  of  the  formation)  and  Corder  Stray  (near  the  top  of  the 
formation)  production  were  defined  in  the  1900-1910  period.  These 
pays  responded  favorably  to  air/gas  repressuring  in  the  middle  thirties 
and  are  still  producing. 

In  195  9  in  Metcalfe  County,  in  the  Hickory  Ridge  Pool,  pro- 
duction was  found  near  the  middle  of  the  Fort  Payne  Formation;  and  dur- 
ing ensuing  years  additional  productive  areas  were  found  in  the  county, 
Edmonton  North  Consolidated  being  the  largest  area  to  date.  The  occur- 
rences in  Metcalfe  County  can  be  readily  correlated  with  the  "reef 
limestones"  mapped  at  the  surface  south  and  east  to  Pulaski  and  Wayne 
Counties  and  into  Tennessee. 

Numerous  other  small  occurrences  of  Fort  Payne  oil  and  gas  are 
found  in  Kentucky  and  Tennessee,  each  difficult  to  interpret  since  they 
seldom  fit  the    structural  grain    as  indicated  by  other  geologic  markers. 

On  gamma-ray  logs,  where  available,  the  reservoirrock  is  dis- 
tinctive; it  appears  in  most  cases  as  a  porous  (vugular),  clean  lime- 
stone body  intercalated  between  shalier  or  siltier  layers.  At  the  sur- 
face these  bodies  are  very  fossiliferous,  largely  crinoidal,  and  they 
resemble  biostromes  or  fossil  gardens. 

These  occurrences  of  more  prolific  production  from  the  Fort  Payne 
occupy  the  Cumberland  Saddle  area  of  the  Cincinnati  Arch  where  pre- 
Chattanooga  (New  Albany)  erosion  has  either  reduced  the  Hunton  Group 
(Silurian  and  Devonian)  rocks  to  a  feather  edge  or  has  totally  removed 
them.  In  the  area,  the  Osage  Series  is  the  thick  Fort  Payne  Forma- 
tion, plus  the  relatively  thin  New  Providence  Shale  of  the  Borden  Group 
below.  To  the  northeast,  the  Fort  Payne  is  replaced  from  below  by 
additional  and  coarser  elastics  of  the  Borden  Group,  which  appears  to 
be  a  deltaic  deposit  with  the  beds  foreset  to  the  southwest;  thus  the 
Fort  Payne  production  appears  to  lie  just  seaward  from  the  continental- 
marine  transition  zone  of  Osage  time. 

Search  for  additional  Fort  Payne  production  is  a  stratigraphic 
problem,  probably  with  a  strong  paleogeographic  element.  Faults  ac- 
tive in  pre-Mississippian  time  might  have  affected  the  geography  of 
the  surface  on  which  the  Fort  Payne-Borden  was  deposited;  therefore 
we  may  hope  for  similar  finds  away  from  the  Cumberland  Saddle  area. 
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The  Cumberland  Saddle  area  of  the  Cincinnati  Arch  became  the  cradle  of  the  oil  industry  of 
Kentucky  when  in  1819  a  salt  brine  operation  unexpectedly  became  a  pharmaceutical  industry.     The 
region  revived  as  a  fuel  industry  after  the  Civil  War,  reached  a  real  peak  in  the  period  1895-1910, 
and  has  been  a  serious  producer  of  petroleum  since,  but  little  is  now  known  about  it  because  drilling 
records  are  sparsely  preserved  and  production  records  did  not  get  into  the  archives. 

It  is  a  wildly  picturesque  area.    Difficulty  of  access  and  general  shallowness  of  pay  zones,   as 
well  as  early  development  history,  have  made  cable  tools  the  commonest  equipment,  the  very  small 
independent  (usually  without  technical  assistance)  the  well-nigh  universal  entrepreneur,   and  geologists 
and  wireline  logs  real  rarities,   and  they  have  rendered  modern  production  techniques  almost  unknown. 
Until  1960,  no  Kentucky  permit  law  or  drilling  regulation  was  applicable. 

This  paper  is  a  short  entree  into  one  phase  of  the  past  production  and  future  potential  of  the 
Cincinnati  Arch  region  which  could  be  touched  on  only  very  lightly  in  the  NPC  Region  9  Cincinnati 
Arch  paper  (Bond  et  al.,   1971). 

A  generalized  structure  map  of  Kentucky  (fig.   1)  shows  where  the  Cincinnati  Arch  passes  down 
through  central  Kentucky  just  west  of  the  Hickman  and  Bryan  Station  Fault  Systems  and  thence  south- 
westward  into  Tennessee  in  the  southeast  wedge  of  Monroe  County.    The  Cumberland  Saddle  area  is 
the  structural  saddle  between  the  Nashville  and  Lexington  Domes. 

Wayne  County,  on  the  east  side  of  the  Cincinnati  Arch,   is  the  old  center  of  Fort  Payne  pro- 
duction (1895  to  1910);  and  Metcalfe  County  (on  the  west  side  of  the  arch)  has  been  the  locus  of 
production  since  1959.    Just  recently,  discoveries  assigned  to  the  Fort  Payne  in  Scott  County,   Ten- 
nessee, have  rejuvenated  the  industry  in  that  state.    Note  also  in  Casey  County,  the  north-south 
fault  which  is  just  west  of  Thomas  Ridge  pool. 

Before  moving  on,  we  might  observe  that  the  Fort  Payne  Formation  is  scarcely  represented  in 
northeastern  Kentucky.    Its  position  is  occupied  by  fine  and  coarse  elastics  of  the  Borden  Group, 
which,   in  the  subsurface  of  Carter  County,   contains  sandstones  identifiably  foreset  (like  delta  beds) 
to  the  west  and  southwest  (Wilson,   1970)  similar  in  manner  and  orientation  to  the  foreset  beds  found 
in  the  Terre  Haute  area  of  Indiana  and  in  Clinton  County,  Illinois  (Swann  et  al.,   1965).     Sandstones 
of  the  Group,  named  "Weir,  "  are  productive  of  oil  in  Johnson  and  Magoffin  Counties  and  can  be  seen, 
still  foreset,   in  outcrop  near  Berea,  Kentucky  (Weir,    1970);  they  produce  gas  under  the  name  "Waverly"  — 
after  Waverly  Series — in  Knox  County,   Kentucky,   and  they  produce  gas  and  oil  under  the  name  "Carper" 
in  Indiana  and  Illinois.     In  the  Louisville  area,   the  Fort  Payne  is  represented  by  the  relatively  thin 
Muldraugh  Formation  or  Member,  which  overlies  the  elastics  of  the  Borden  Group. 

The  stratigraphic  chart  (fig.  2)  is  much  overgeneralized:  the  vertical  scale  is  not  consistent; 
the  sandstones  are  greatly  thickened  at  the  expense  of  other  units;  a  lot  of  fairly  significant  names  are 
left  off;  and  several  correlations  are  tentative.    But  aside  from  that,  it  may  have  its  uses  in  relating 
the  stratigraphy  of  the  Illinois  Basin  to  that  of  the  Appalachian  Basin,   eastern  Kentucky  and  Tennessee 
being  part  of  the  latter  and  the  basins  being  separated  by  the  Cincinnati  Arch.    The  basins  have  many 
similarities  not  readily  apparent  when  one  looks  only  to  their  feather  edges  observable  in  the  arch 
area;  and  similarities  are  obscured  by  contrasts  whenever  one  looks  to  a  single  section  of  the  arch, 
as  we  later  will. 

Starting  at  the  top:  the  lower  part  of  the  Pennsylvanian  has  a  pronouncedly  sandy  character, 
and  in  the  pay  zones  oil  commonly  has  high  viscosity. 

Regarding  the  Mississippian,   Stuart  Weller  (1921)  characterized  the  Chester  of  Illinois— that 
most  prolific  series— as  a  sequence  of  eight  cycles  of  sedimentation  consisting  of  a  limestone  above 
and  a  sandstone  below.     We  now  recognize  that  each  cycle  is  often  doubled,    but  the  characteriza- 
tion is  sound  and  the  concept  useful.    On  the  east  side  of  the  Illinois  Basin  we  note  the  gradation  of 
sandstone  to  limier  beds,   particularly  in  the  lower  portion;  and  this  differentiation  extends  into  the 
Appalachian  Basin  in  Kentucky,  where  the  series  is  comparably  productive  under  the  lump  name  "Maxon." 
The  Meramec  on  both  sides  of  the  Cincinnati  Arch  is  importantly  productive;  but  it  might  be  pointed 
out  that  the  chief  pay  horizon  in  the  east  is  probably  St.  Louis  in  age  and  that  it  is  stratigraphically 
lower  than  the  familiar  McClosky  of  the  Illinois  Basin. 

On  the  two  sides  of  the  arch  the  Hunton  Megagroup  differs  only  in  that  the  Silurian  of  the 
Appalachian  Basin  is  significantly  more  clastic  than  that  of  the  western  side;  the  Lower  Devonian  on 
each  side  has  a  more  restricted  distribution  than  the  Silurian  below  or  the  Middle  Devonian  above. 
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2  -  Diagrammatic  comparison  of  stratigraphy  in  the  Kentucky  part  of  the  Illinois  Basin,   the  southern 
Cincinnati  Arch  area,   and  the  Kentucky- Tennessee  part  of  the  Appalachian  Basin. 
Symbols  used:     9  -oil;   -Q"  -gas;  -JR"  -oil  and  gas. 

Abbreviations  used:  Absa.  -  Absaroka;  Alb.  -  Albertan;  Alex.  -  Alexandrian;  Arnh .  -  Arnheim; 
Big  Lm.  -  Big  Lime;  Brownspt.  -  Brownsport;  Cam.  -  Camden;  Cana.  -  Canadian;  Cath.  -  Catheys; 
Cayu.  -  Cayugan;  Champ.  -  Champlainian;  Ches.  -  Chester;  Cine.   -  Cincinnatian;  Clear  Ck.  -  Clear 
Creek;   Cyn.  -  Cynthiana;  Dev.  -  Devonian;  Dutch  Ck.  -  Dutch  Creek;  Dutcht.  -  Dutchtown;  E.  -  Eden; 
Fairmt.  -  Fairmount;  Fernv.  -  Fernvale;  Har.   -  Harriman;  Jeffc.  -  Jefferson  City;  Kind.  -  Kinderhook; 
L.  -  Lower;  Lex.  -  Lexington;  Little  Lm.  -  Little  Lime;  M.   -  Middle;  Maq.  -  Maquoketa;  Mayn' v.   - 
Maynardville;  Mays.  -  Maysville;  Mera.  -  Meramec;  Murfreesb.  -  Murfreesboro;  Nash.   -  Nashville; 
Niag.  -  Niagaran;  Nolich.  -  Nolichucky;  Ocoee  Ser.  -  Ocoee  Series;  Osg.  -  Osgood;  FP  N  -  Pennsylvanian; 
R.  -  Richmond;  Rose  R.  -  Rose  Run;  Seq.  -  Sequatchie;  Silur.  -  Silurian;  Sneedv.  -  Sneedville;  St.   Cx.  - 
St.   Croixan;  Ste.  Gen.  -  Ste.  Genevieve;  Stones  R.   -  Stones  River;  U.   -  Upper;  Wald.  -  Waldron; 
Wauc.   -  Waucoban;  Wayne  Gr.   -  Wayne  Group;  Wells  Ck.   -  Wells  Creek. 

In  the  Cincinnati  Arch  region  (both  sides)  the  Hunton  is  productive  chiefly  in  stratigraphic  traps, 
while  in  the  basins  it  produces  also  in  structural  traps. 

The  Cincinnati  Arch  region  is  particularly  notable  in  that  the  Champlainian  and  Cincinnatian 
rocks  (Ottawa  Megagroup  and  Maquoketa  Group)  in  general  are  not  very  attractive  lithologically  yet 
have  a  regular  carpet  of  small  but  potentially  rich  patches  in  the  Cumberland  Saddle  area,  including 
in  recent  history  the  Leipers,  or  Fairmount,  of  Sulphur  Lick  in  Monroe  County,  the  Granville  of  Decide 
and  of  other  pools  in  Clinton  County,  the  Sunnybrooks  (Trenton  age),   and  even  a  commercial  gas  field 
in  the  St.   Peter  in  Clark  County,   Kentucky. 
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The  Knox  Megagroup  has  been  unostentatiously  productive  for  many  years  in  Clinton  and  Cumber- 
land Counties  and  is  now  recognized  as  a  significant  pay  zone,   most  recently  in  Adair  County. 

Below  the  Knox,   you  will  note  Middle  and  Lower  Cambrian  represented  in  the  Appalachian  Basin 
and  a  no-fooling  commercial  well  (very  marginal)  producing  from  the  basal  sand  in  Boyd  County.    There 
is  a  classic  and,   I  believe,   valuable  concept  that  early  Cambrian  is  to  be  found  only  in  the  deepest 
parts  of  sedimentary  basins,  but  I  believe  that  the  Tomstown  is  present  in  the  Cumberland  Saddle 
area,  and  according  to  the  concept  this  age  rock  should  also  be  present  in  the  Moorman  Syncline  and 
the  Illinois  Basin. 

Thus,   aside  from  its  purpose  in  this  paper,   this  chart  (fig.  2)  might  also  reveal  that  many  for- 
mations not  yet  productive,   and  relatively  untested,   in  the  Illinois  Basin  have  real  potential  as  evi- 
denced by  occurrences  in  the  Cincinnati  Arch  and  the  Appalachian  Basin. 

As  to  the  rocks  of  Osage  age,  this  chart  outlines  a  persuasive  generalization:  the  Grainger  Shale, 
so  fine  grained  as  to  be  not  very  attractive,  grades  westward  to  deltaic,  coarser,   and  productive 
Borden  elastics,  which  in  turn  underlie  and/or  grade  into  the  lower  part  of  the  Fort  Payne  Formation, 
which  appears  to  be  a  much  siltier  lateral  or  slightly  older  equivalent  of  the  cherty  Burlington  and  Keo- 
kuk beds  of  western  Illinois  and  Iowa.    In  the  Saddle  area,   it  must  be  remarked,  the  beds  are  assigned 
the  name  "Fort  Payne,  "  although  in  its  type  locality  the  Fort  Payne  is  a  cherty  carbonate  like  the 
Burlington-Keokuk  while  here  the  rocks  are  silty  carbonate  or  limy  clastic  between  the  siliceous  car- 
bonate of  the  type  Fort  Payne  and  the  noncalcareous  detrital  Borden. 

On  a  map  of  the  Saddle  area  (fig.  3)  the  Cincinnati  Arch  passes  through  the  productive  areas 
in  Cumberland  County  in  general  north-northeast.     The  pools  shown  in  solid  black  are  Fort  Payne  pro- 
duction.   In  Wayne  County  the  Fort  Payne  is  called  "Beaver"  from  Beaver  Creek  and  is  about  25-50 
feet  above  the  black  carbonaceous  Chattanooga  Shale;  all  the  pools  here  date  back  to  before  1927. 
Two  pools  in  McCreary  and  Wayne  Counties  indicated  by  a  fine  dot  pattern  are  from  the  Corder  Stray 
(a  Fort  Payne  porous  zone  or  zones  near  the  top  of  the  formation,  about  200  feet  above  the  "Beaver"). 

In  Metcalfe  County  the  Fort  Payne  pools,   first  found  in  1959,  had  a  resurgence  in  development 
in  1962.     The  Scott  County  (Tenn.)  play  at  Oneida,  dating  from  1969,  is  described  by  Anthony  Statler 
(1971,  p.  94-110,  this  publication) .    Several  Fort  Payne  pools  are  plotted  in  other  counties  of  Tennessee 
and  Kentucky;  but  the  plotting  is  not  exhaustive.     (The  Fort  Payne  pools  are  shown  oversize,   and  con- 
solidated pools  are  run  together.) 

Important  pools  in  other  pays  are  shown  to  indicate  the  environment  of  the  Fort  Payne  produc- 
tion.   The  southern  ends  of  Center  Gas  Storage  field  in  Metcalfe  County  and  Greensburgh  Consolidated 
in  Green  County  appear  at  the  northwest  limit  of  presently  known  Fort  Payne  production.     Each  produces 
from  or  stores  in  the  Laurel  in  a  beveled  feather  edge  of  the  Hunton  Megagroup  on  the  northwest  limb 
of  the  Cincinnati  Arch. 

Across  the  structural  platform  of  the  arch  itself,  where  there  is  no  Hunton  except  for  scattered 
thin  patches,   are  the  original  Sunnybrook  field  in  Wayne  County,  the  Murfreesboro  and  Stones  Paver 
fields  along  Kettle  Creek  in  Cumberland  County,   Granville  oolitic  sandbars  in  Clinton  and  Cumberland 
Counties,  the  Fairmount-Leipers  fossil  zone  at  Sulphur  Lick  in  Monroe  County,   the  Beatty  well  (1819) 
in  McCreary  County,   and  the  Great  American  well  (1829)  in  Cumberland  County. 

The  more  recent  Knox  fields  are  also  shown:  Thomas  Ridge  in  Casey  County,  which  has  the 
Goose  Creek  Fault  System  (a  graben)  running  north-south  along  its  west  side  separating  it  from  Thomas 
Ridge  West;  Windsor,   in  Pulaski  and  Casey  Counties;  and  the  most  recent,   Gradyville  East,   in  Adair 
County.    The  latter  now  has  some  80  wells  and  may,   like  Thomas  Ridge,  have  a  north-south  graben 
along  its  west  side.    They  all  appear  to  be  related  to  anticlinal  axes;  but  there  are  also  evidences 
that  they  may  be  in  erosion  remnants  rather  than  in  simple  folded  structures. 

The  Fort  Payne  is  at  or  close  to  the  surface  between  Wayne  and  Metcalfe  Counties  and  actually 
outcrops  in  quadrangles  within  which  there  is  production  of  high-gravity  oil  from  the  formation;  con- 
sequently we  infer  that  the  reservoir  rock  is  so  enclosed  as  to  prevent  significant  loss  of  volatiles, 
even  at  very  shallow  depths.    The  cooperative  mapping  program  of  the  Kentucky  Geological  Survey 
and  the  United  States  Geological  Survey  has  operated  in  the  area  for  a  long  time  and  has  published 
a  majority  of  the  quadrangle  maps  involved;  and  the  "Fort  Payne"  Formation  has  given  the  mappers 
fits  because  of  its  variations.     A  particularly  impressive  lithology  at  outcrop  consists  of  piles  of  or- 
ganic debris,  chiefly  crinoidal,  with  the  columnals  disarticulated  but  scarcely  abraded,   as  if  they 
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Fig.  3  -  Fort  Payne  production  in  the  Saddle  area,   with  representative  pools  in  other  pays. 

have  not  moved  from  where  they  originally  fell.    These  piles  are  quite  discordant  with  the  enclosing 
beds,   do  not  show  a  clearly  systematic  distribution,   and  were  prophetically  interpreted  as  "reef  lime- 
stone" by  Thaden  et  al.   (1961)  of  the  mapping  program.    These  "reef  limestones"  are  shown  on  every 
one  of  the  published  maps  of  quadrangles  in  the  area  between  Wayne  and  Metcalfe  Counties.    I  have 
indicated  with  open  dashed  ovals  three  striking  concentrations  of  reef  limestones  (shown  on  the  ge- 
ologic quadrangle  maps)  in  the  approximate  middle  of  the  formation,   and  they  seem  to  form  a  trend 
with  the  producing  areas  of  Metcalfe  County.    The  large  oval  in  Cumberland  County  is  described  as 
being  2  70  feet  thick,   filling  the  whole  formation  but  having  some  30  feet  of  shale  in  the  middle.    It 
appears  then  that,   unless  one  has  a  minimum  height  for  a  reef  or  considers  only  coral  reefs  as  reefs, 
the  Fort  Payne  pools  of  Metcalfe  County  are  reefs  and  the  occurrences  in  Wayne  County  probably 
also  are  reefs. 

An  additional  worry  for  the  mapper  is  an  anomalous  set  of  sand  bodies  that  interfinger  un- 
systematically  with  the  reef  limestone  bodies,   particularly  near  the  top  of  the  formation.    These 
sand  bodies  occur  on  the  northeast  side  of  the  productive  area  for  the  most  part  and  have  odd  bedding 
and  dip  directions,   indicating  an  unusual  environment  of  deposition.     The  dotted  circular  area  is  one 
mapped  occurrence  of  a  southeast-northwest  trending  swath  of  such  anomalous  sand  bodies  of  a  gen- 
eral Borden  lithology  stretching  from  here  northwestward  into  Indiana.     They  are  now  being  described 
and  studied  by  Potter  et  al.   (1971,   in  preparation)  under  the  name  Knifley  Sandstone.    I  have  not  read 
Potter'  s  conclusions,   but  suggest  for  your  consideration  that  we  are  seeing  sand  from  the  northeast 
being  trapped  against  a  line  of  reef  barriers. 
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The  reef  limestones  are  not  found  very  far  northeast  of  the  line  of  the  Knifley  Sandstone.    If 
this  be  reasonably  correct  paleogeography,   other  reefs  might  exist  southwest  of  the  ones  shown  here, 
perhaps  higher  because  the  seas  were  deeper.    Similarly,   extension  of  this  topologic  pattern  might 
be  anticipated  as  far  northwestward  or  southeastward  as  the  relationship  of  Borden  elastics  and  Fort 
Payne-Burlington  carbonates  can  be  identified  and  as  an  environment  favorable  to  crinoid  colonies  can 
be  postulated.    According  to  this  thesis,  the  southwestward  limit  is  determined  by  depth  of  water. 

The  line  of  section  of  figure  4  lies  southwest  of  the  main  reef  area  presently  known  and  ex- 
tends northwest  off  the  map  to  the  axis  of  the  Moorman  Syncline. 


PRECAMBRIAN 


Fig.   4 


PRECAMBRIAN 


Cross  section  of  regional  structure  of  Saddle  area.    (Wells  identified  in  table  1).    Abbreviations 
used:     Ches.  — Chester;  Cine.  — Cincinnatian;  Conasauga  Gr.  — Conasauga  Group;  D.— Devonian; 
Dev.— Devonian;  H.—  Hunton;  K.  — Kinderhook;  Keokuk-Burl. —Keokuk-Burlington;   M.— Meramec; 
Mam.   C.-K.  — Mammouth  Cave-Knobs;   Mam.  C.  -Knobs  —  Mammouth  Cave-Knobs;  Maq.  —  Maquoketa; 
Monteagle-Ste.  Gen.  — Monteagle-Ste.  Genevieve;  O.— Osage;  Penn.  — Pennsylvanian;  S.—  Silurian; 
Sil.  —  Silurian;  Wells  Ck.-St.  Peter— Wells  Creek-St.   Peter. 
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TABLE  1  -  LIST  OP  WELLS  SHOWN  IN  FIGURES  H- ,    7,  AND  8 


Well 
no. 

Location 

Name 

Elevation 

Depth 

Status 

1 

Ky. 

Grayson  Co. 

15-K-39 

Reynolds  No.  1  Davis 

73  IDF 

3 

.910TD 

D&A 

2 

Ky. 

Edmonson  Co. 

9-H-39 

Pelican  No.  1  Campbell 

579DP 

3 

.131TD 

D&A 

3 

Ky. 

Metcalfe  Co. 

16-F-46 

Benz  No.  1  Nunnally 

766KB 

6.11UTD 

D&A 

k 

Tenn. 

Pickett  Co. 

3-A-5^ 

Associated  0  &  G  No.  1  Sells 

895DF 

5 

.827TD 

D&A 

5 

Term. 

Morgan  Co. 

11-3S-57E 

Riley  No.  1  Lanham 

1,4-85  KB 

8 

,021TD 

D&A 

6 

Tenn. 

Morgan  Co. 

15-3S-57E 

Tate  No.  1  Baker-Pemberton 

1.54-8CH 

5 

,127TD 

D&A 

7 

Ky. 

Metcalfe  Co. 

21-G-47 

Hica  No.  1  Pedigo 

905GR 

4-32TD 

D&A 

8 

Ky. 

Metcalfe  Co. 

lt-G-W 

Smith  No.  1  Holland 

87ODF 

511TD 

D&A 

9 

Ky. 

Metcalfe  Co. 

17-H-1+8 

Columbus  No.  1  Murrell 

901DF 

892TD 

D&A 

10 

Ky. 

Metcalfe  Co. 

22-H-46 

Marcum  No.  2  Hensley 

801DF 

701TD 

Prod 

./Fairmount 

li 

Ky. 

Metcalfe  Co. 

23-H-46 

Farmers  No .  1  Freeman 

780DF 

658TD 

Prod 

./Brassfield 

12 

Ky. 

Metcalfe  Co. 

17-H-46 

Baker  No.  1  Jeffries 

751+DF 

693TD 

D&A 

13 

Ky. 

Metcalfe  Co. 

16-H-M-6 

L.  G.  &E.  No.  1  G.  Ferguson 

779DF 

613TD 

Gas  Storage 

m- 

Ky. 

Metcalfe  Co. 

16-H-4-6 

L.  G.  &E.  No.  1  D.  Ferguson 

783DF 

6l8TD 

Gas  Storage 

15 

Ky. 

Monroe  Co. 

19-D-44 

Murphy  No.  1  Payne 

746GL 

311TD 

D&A 

16 

Ky. 

Monroe  Co. 

19-D-I5 

Duchscherer  No.  1  Geralds 

967GL 

598TD 

D&A 

17 

Ky. 

Monroe  Co. 

15-D-46 

Cumberland  No.  2  Bartley 

959GL 

548TD 

Prod 

./Fairmount 

Figure  4  is  a  structural  cross  section;  and  there  is  a  clear  relationship  between  structural 
position  and  stratigraphy.    A  cross  section  is  two-dimensional  whereas  the  geologic  reality  is  three- 
dimensional;  but  this  section  shows  interesting  features.    Note  how  the  New  Albany- Chattanooga 
thins  over  the  arch.    At  the  northwest  end  the  well  in  the  Moorman  Syncline  has  a  thick  and  cherty 
Clear  Creek  (Lower  Devonian).     Perhaps  like  the  Lower  Cambrian,  the  Lower  Devonian  is  present 
mainly  in  tectonically  negative  areas.    Here  we  see  a  thick  Hunton  off  the  arch,  with  the  Middle 
Devonian,  Lower  Devonian,   and  Silurian  wedging  out  at  different  places  on  the  flank  of  the  struc- 
ture.   Also  you  may  note  that  the  Hunton  Megagroup  is  very  thinly  represented  and  almost  exclu- 
sively Silurian  at  this  latitude  in  the  Appalachian  Basin.    You  will  note  a  similar  asymmetry  in  the 
Pennsylvanian  and  in  the  Knox  Megagroup. 

The  present  structural  axis  of  the  arch  is  farther  west  than  it  was  in  the  pre-Ordovician,  when 
possibly  it  coincided  with  Woodward'  s  Waverly  Arch,   as  suggested  by  the  two  basement  tests  on  the 
platform.    We  have  reason  to  suspect  important  faults  (note  the  two  pre-Cambrian  datums)  involving 
throws  of  2,  000  feet  in  the  basement  but  cannot  locate  them  precisely. 

The  area  of  Fort  Payne  production  represented  on  this  section  covers  the  whole  arch  platform 
and  extends  to  the  southeast  end  of  the  section. 

Figure  5  is  the  distribution  of  Fort  Payne  production  in  and  near  Wayne  County,  as  well  as 
we  can  determine  from  the  inaccurate  geographic  base  of  the  1927  Wayne  County  map.    In  many  cases 
small  areas  of  production  are  plotted  on  the  new  (since  1951)  topographic  maps,  but  whether  they  are 
the  remains  of  a  previously  more  extensive  productive  area  or  are  the  totality,  which  was  poorly  plot- 
ted on  the  earlier  map,  we  can' t  tell  because  of  the  present  condition  of  the  records. 

I  wouldn't  want  you  to  miss  the  1819  Beatty  well  in  McCreary  County,  which  fueled  a  grind- 
ing mill  from  the  Pennington  Formation  in  the  early  1900'  s  —  apparently  the  snake  oil  business  didn'  t 
use  all  its  potential.     The  well  is  still  there  and  contains  a  heavy  black  oil. 

In  the  southwest  the  Slickford  and  Sunnybrook  areas  produce  or  produced  from  the  Ordovician. 
We  can  here  see  that  the  broad  areas  of  "Beaver"  production  are  broken  up  into  related  patches,  but 
a  certain  paleogeographic  unity  can  be  discerned,  consisting  of  northwest-southeast  trends  and  a  set 
of  three  fields  on  a  southwest-northeast  trend.    The  southernmost  field  is  Mt.  Pisgah,  from  which 
are  reported  (1)  successful  air  and  gas  repressuring  in  the  "Beaver"  in  1936,   and  (2)  a  high-volume 
water-and-oil  production  from  the  Corder  Stray  in  1960.    The  Corder  Stray  takes  its  name  from  the 
Corder  farm,  an  abandoned  patch  in  Slavans  pool.    The  whole  pool,  Slavans  Consolidated,  produces 
only  from  the  Corder,  the  "Beaver"  zone  being  thin  or  absent.     The  Johnson  Fork  pool,   now  totally 
abandoned,  is  the  only  other  pool  whose  production  was  exclusively  from  the  Corder;  but  gas,  shows 
of  oil,  or  limited  production  attributed  to  the  Corder  occur  in  several  of  the  "Beaver"  pools. 
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In  1914,   Munn  noted  that  the  top  of  the  "Beaver"  pay  zone  could  be  structured  reasonably, 
showing  a  general  decline  southeastward,  but  that  the  pay  zone  structure  had  no  sensible  relation- 
ship to  the  higher  Spann  Limestone  (probably  the  Glen  Dean  Limestone,  or  possibly  the  Bangor  Lime- 
stone of  Tennessee  usage),    which  in  places  was  high  where  the  "Beaver"  is  low,    and  vice  versa. 
This  relationship,  while  not  proving  the  existence  of  reefs  here,  is  at  least  believable  if  the  "Beaver"  is 
reef  rock. 

Drillers'   logs  call  the  "Beaver"  a  "sand,  "  but,   in  reality,  it  is  a  limestone  similar  to  the 
Fort  Payne  of  farther  west.     It  occurs  in  a  body  of  green  shale  of  variable  thickness  above  and  be- 
low.   The  top  of  the  "Beaver"  is  35  to  50  feet  above  the  top  of  the  Chattanooga  Shale. 

The  first  surge  of  Fort  Payne  activity  in  Metcalfe  County  occurred  in  1959  at  Hickory  Ridge 
and  Edmonton  North  (fig.  6),  after  the  topographic  maps  were  made  and  before  the  new  permit  law 
came  into  effect;  but  we  have  much  better  data  here  than  for  Wayne  County. 

Note  the  outline  in  the  northwest  corner  of  the  old  Center  Gas  field,  the  holes  of  which  have 
been  recently  re-entered,  logged,   and  plugged  or  converted  to  gas-storage  wells.    Also  in  the  north- 
east corner  are  the  present  outlines  of  the  Knox  fields,   Bliss   and  Gradyville  East.     Caney  Fork  is  not 
notable  except  for  the  fact  that  it  produces  from  the  Fairmount  as  does  Sulphur  Lick  in  Monroe  County. 
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Fig.  6  -  Distribution  of  Fort  Payne  production  in  Metcalfe  County  area. 
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The  Fort  Payne  fields  are,   except  for  Edmonton  North  Consolidated,   more  or  less  oval  in  plan 
like  small  pinnacle  reefs.     Two  stringers  of  Fort  Payne  production  lie  in  Knob  Lick  field,  which  other- 
wise produces  from  the  Knob  Lick  Sandstone  at  the  base  of  the  Chattanooga  Shale  and  from  the  Brass- 
field.     Edmonton  North  Consolidated  is  the  largest  of  the  Fort  Payne  fields,   and  the  porosity  zones 
have  an  irregular  distribution  that  results  in  dry  holes  in  unexpected  places.    The  main  body  of  the 
pool  did  not  produce  much  water  for  a  long  time,   but  producible  oil  was  found  with  water  on  the  flanks 
at  a  relatively  low  structural  position.     (Again,  we  recognize  a  detail  common  to  reef  pools.) 

These  Fort  Payne  fields  were  too  shallow  and  too  successful  to  expect  the  operators  to  run 
wireline  logs,   and  they  didn't;  but  note  the  lines  of  cross  section  (figs.  6  and  7). 

In  cross  section  A-A'    (fig.  7)  attention  is  first  directed  to  the  log  with  the  lithologic  column 
(well  7).     It  is  about  2,  000  feet  from  production  at  the  southeast  corner  of  Edmonton  North  Consolidated 
and  with  the  logs  to  its  right  forms  a  strike  section  northeastward. 

These  formational  calls  in  the  St.  Louis,   Salem-Warsaw,   and  Fort  Payne  were  made  to  coincide 
with  those  of  the  geologic  quadrangle  map  (Cattermole,    1966).     The  sandstones  at  the  top  of  the  Fort 
Payne  are  reminiscent  of  the  Knifley  Sandstone  described  earlier,   although  obviously  here  the  sand- 
stone is  laterally  closer  to  the  productive  reservoir.    The  limestone  is  fossiliferous,  chiefly  crinoidal, 
like  the  "reef  limestone"  described  above.    The  lower  limestone  has  a  stain  of  oil  in  the  zone  that 
is  productive  nearby.    You  will  note  that  below  it  is  a  dolomite  resembling  the  Rockford- Chouteau 
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Fig.   7  -  Metcalfe  County  Fort  Payne  cross  sections.     (Wells  identified  in  table  1).    Lines  of  cross 
section  shown  on  figure  6.    Abbreviations  used:  BRSF  -  Brassfield;  Chat.-  Chattanooga; 
Kind.   -  Kinderhook;  KNBL  -  Knob  Lick;  SAL.-W.   -  Salem-Warsaw;  St.L.   -  St.   Louis. 
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(Kinderhook  in  age)  of  Illinois  and  Indiana.     The  Chattanooga  Shale  is  about  30  feet  thick  here,   thicker 
than  on  the  top  of  the  Cincinnati  Arch  platform  but  thinner  than  normal  for  areas  immediately  to  the 
west. 

The  heavy  curve  for  this  well  is  the  gamma-ray  curve,  which  records  the  natural  radioactivity 
of  the  rock  and  is  in  general  a  measure  of  its  shaliness;  that  is,    "clean"  limestones  or  sandstones 
(the  most  favorable  reservoir  types)  are  represented  as  smooth  lines  displaced  well  to  the  left.    The 
gamma-ray  curve  is  typically  a  good  correlation  tool.     But,  while  the  gamma-ray  curves  suggest  some 
correlations  from  hole  to  hole,   they  show  staggering  variability  which  must  be  related  to  variability 
of  deposition,  lithology,   and  attitude  of  beds,  variability  that  may  indicate  a  reef. 

The  neutron  curve  to  the  right  measures  induced  radioactivity,   usually  reflecting  inversely 
the  hydrogen  content  and  thereby  indicating  the  porosity. 

Note  that  the  well  farthest  to  the  right  (well  9),   northeast,  has  no  limestone  in  the  place  where 
the  Fort  Payne  reservoir  ought  to  be. 

Section  B-B'   is  more  or  less  parallel  to  the  direction  of  regional  dip.    The  easternmost  well 
in  22-H-46  (well  10)  is  about  seven  miles  from  well  7  in  21-G-47  and  has  thicker  Chattanooga  than 
well  7.    Of  all  the  wells  in  this  figure,   well  11  in  23-H-46  is  nearest  to  Fort  Payne  production.    I 
assume  that  the  operator  could  have  made  a  poor  well  in  the  Fort  Payne,   in  that  zone  of  relatively 
smooth  left  gamma-ray  deflection,  if  he  hadn'  t  wanted  to  go  deeper,  but  even  this  close  (1,  000  feet) 
to  Fort  Payne  production  the  curve  is  less  than  typical  for  "reef-rock.  " 

The  wells  in  22  and  23-H-46  (wells  10  and  11)  show  the  Chattanooga  on  deeply  beveled 
Silurian,   with  only  the  Osgood  and  Brassfield  remaining.     To  the  west,   in  sections  16  and  17  (wells  14 
and  12)  we  see  the  Laurel  present  under  thinned  to  absent  Chattanooga.    The  Laurel  must  have  formed 
a  local  cuesta  or  monadnock  on  the  pre-Chattanooga  surface.    The  Knob  Lick  Sandstone  might  be 
called  a  channel  or  fluvial  deposit  on  this  surface. 

The  cross  section  near  Sulphur  Lick  pool  (fig.  8)  shows  the  beveling  of  the  Hunton,  the  occur- 
rence of  the  Fairmount  pay,    and  what  is  clearly  Fort  Payne  reef-rock  in  the  proper  position.     This  reef- 
rock  had  a  show  of  oil  in  Sulphur  Lick  pool  and  is  the  producing  zone  of  the  abandoned  oil  well  (no.  16a) 
southwest  of  the  pool. 

As  consistent  production  figures  in  Kentucky  are  no  more  detailed  than  annually  by  county  be- 
ginning in  1918,   it  is  convenient  to  this  study  that  nearly  all  of  the  production  in  Wayne  and  Metcalfe 
Counties  (fig.  9)  is  from  Fort  Payne  rocks. 

These  charts  are  on  a  semi-log  scale  in  order  to  show  declines  as  a  rate  and  are  in  barrels  of 
oil  per  year. 

The  maximum  production  recorded  for  Wayne  County  was  352,000  barrels  (nearly  1,000  BOPD) 
in  1921;  the  most  recent  peak  was  26,  000  in  an  Ordovician  flurry  of  1962;  and  production  has  de- 
clined to  only  8,  128  in  1970.     Two  earlier  years  of  production,    1916  and  1917,   recorded  by  Dr.  Jillson 
in  a  1920  publication,   allow  us  to  add  up  a  recorded  cumulative  total  of  3  1/4  million  barrels.    Since 
the  discovery  of  the  chief  pools  was  in  the  1905-1910  period,   it  seems  likely  that  at  least  an  addi- 
tional million  barrels  were  produced  and  did  not  get  into  this  cumulative  total. 

In  Metcalfe  County,   the  peak  year  was  1959  with  326,000  barrels,  which  has  since  declined 
to  85,000  barrels  in  1970.     Before  1959,   production  never  quite  attained  10,000  BO/Y.    Of  the  re- 
corded cumulative  of  2.4  million  barrels,  over  2  1/3  million  is  for  the  most  part  from  Fort  Payne  in 
the  period  since  1958. 

A  petroleum  engineer  ought  to  be  fascinated  by  these  decline  rates.     In  Wayne  County  for  the 
period  1923-1930  the  decline  was  10  percent  annually.     In  Metcalfe  from  1963  to  the  present  it  is 
about  16  percent,   as  compared  with  approximately  25  percent  in  the  period  1937-1946.     These  de- 
cline rates  are  consistent  with  a  dissolved-gas  drive  in  permeable  carbonate  reservoirs.    You  will 
note  the  contrast  with  the  decline  of  about  4  percent  annually  in  Wayne  County  for  the  period  1934-1958. 
It  is  no  accident  that  air  and  gas  repressuring  began  in  earnest  here  in  1936;  and  the  flattening  of 
the  rate  should  be  a  profitable  lesson  to  operators  in  Metcalfe  County,  Kentucky,  and  Scott  County, 
Tennessee,  or  anywhere  else,   who  have  done  little  or  nothing  in  secondary  recovery  in  carbonate 
rocks  that  have  highly  variable  permeability. 

In  conclusion,  then,  we  see  good  reason  to  think  that  the  Fort  Payne  production  of  Wayne  and 
Metcalfe  Counties  comes  from  rock  formed  as  a  reef  complex,   still  more  or  less  in  place  as  a  series 
of  relatively  low  bioherms.    Other  evidence  (as  pictured  on  figure  10)  seems  to  point  out  a  reasonable 
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Fig.  9  -  Annual  and  cumulative  production  in  Wayne  and  Metcalfe  Counties, 
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Fig.   10  -  Interpreted  paleogeography  of  Osage-age  rocks  (Fort  Payne-Borden)  in  Kentucky. 
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paleogeography  of  a  land  northeast  of  Kentucky,   delta  or  coastal  plain  elastics  bounded  on  the  south- 
west by  a  line  or  lines  of  barrier  reefs,   and  a  seaway  deepening  farther  southwest.    This  pattern,   with 
geographic  variations,  may  extend  a  very  large  distance  northwestward  and  southeastward  and,   like 
the  Silurian  reef  trends  of  the  Illinois  Basin,   may  have  a  very  considerable  width.     This  concept, 
if  correct,  may  be  a  useful  guide  to  additional  exploration. 

Fort  Payne  finds  have  been  very  profitable  despite  close  well-spacing  and  almost  total  absence 
of  pressure  maintenance  or  secondary  recovery,   although  the  formation  (as  well  as  most  formations  in 
central  Kentucky)  is  clearly  a  good  candidate  for  these  routine  production  techniques. 
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FORT  PAYNE  PRODUCTION  IN  THE  ONEIDA  WEST 
AREA,   SCOTT  COUNTY,   TENNESSEE 

Anthony  T.  Statler 
Tennessee  Division  of  Geology,    Nashville,   Tennessee 


ABSTRACT 

A  significant  oil  find  in  Tennessee  is  the  Oneida  West  field, 
Scott  County,  a  lower  Mississippian  Fort  Payne  discovery  locatedon 
the  Cumberland  Plateau  about  40  miles  northwest  of  Knoxville  and  8 
miles  south  of  the  Kentucky  line.  Regionally,  the  field  is  situated  on 
the  southeast  flank  of  the  Cincinnati  Arch  some  25  miles  east  of  the 
Mississippian  outcrop  belt.  In  this  area,  the  Mississippian  is  over- 
lain by  about  900  feet  of  Pennsylvanian  sandstones  and  shales.  Region- 
al dip  is  southeastward  about  40  feet  per  mile. 

The  discovery  well,  originally  completed  with  cable  tools  in 
May  1969,  was  deepened  and  recompleted  in  September  for  150  BOPD 
natural  from  a  depth  of  about  1,450  feet.  Development  was  slow  until 
May  1970,  when  an  outpost  about  f  mile  northeastof  the  discovery  well 
established  good  production  in  the  northern  lobe  of  the  field.  By  the 
end  of  1970,  there  were  about  20  producing  wells  with  initial  flowrates 
ranging  from  100  to  1,200  BOPD,  considerable  amounts  of  associated 
gas,  and  no  water.  In  addition,  five  gas  wells  (shut-in)  had  been  drilled 
along  the  northwest,  or  updip,   edge  of  the  productive  area. 

Production  is  from  a  fine-  to  medium-crystalline,  noncherty,  do- 
lomitic  limestone  in  the  middle  of  the  Fort  Payne  Formation.  This  lime- 
stone is  overlain  by  tight  siltstones  and  very  fine-grained  sandstones 
and  is  underlain  by  about  50  feet  of  very  cherty,  nonporous  limestone 
and  silicastone.  Sample  studies  suggest  that  the  productive  limestones 
grade  laterally  into  or  pinch  out  against  the  nonporous  cherty  carbon- 
ates. Dry  holes  and  edge  wells  have  little  or  no  noncherty  limestones 
but  do  have  a  total  carbonate  interval  at  least  as  thick  as  that  in  the 
producing  wells.  Neutron  and  density  logs  indicate  that  the  pay  con- 
sists of  one  to  three  zones  of  porosity  with  a  net  thickness  ranging  from 
3  to  30  feet.  The  type  and  distribution  of  production  suggest  that  these 
zones  are  connected  and  that  a  gas  cap  is  present  in  part  of  the  field. 

In  the  Oneida  West  area,  detailed  structural  mapping  indicates 
that  the  accumulation  is  stratigraphic.  Although  the  top  ofthe  Fort  Payne 
carbonate  section  (top  "Fort  Payne  Lime")  is  somewhat  irregular,  there 
does  not  appear  to  be  updip  closure  on  this  horizon,  and  the  more  limit- 
ed data  on  the  Chattanooga  Shale  support  this  interpretation.  Two  faults 
have  been  mapped  at  the  surface  several  miles  to  the  northeast. 

Possibilities  for  Fort  Payne  reservoirs  comparable  to  the  Oneida 
West  reservoir  exist  over  a  large  area  in  the  northern  Cumberland  Pla- 
teau. The  Oneida  West  pool  appears  to  be  unlike  the  shallower,  bio- 
hermal  Fort  Payne  accumulations  to  the  west  and  northwest.  Hopefully, 
detailed  studies  of  this  pool  and  data  from  current  and  future  wildcats 
will  provide  some  guidelines   for  Fort   Payne  exploration  in  this  region. 
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INTRODUCTION 

The  largest  oil  find  in  Tennessee  history  is  the  Oneida  West  field,   a  lower  Mississippian 
Fort  Payne  discovery  located  in  Scott  County  about  40  miles  northwest  of  Knoxville  and  8  miles  south 
of  the  Kentucky  line.     Regionally,   the  field  is  situated  on  the  southeast  flank  of  the  Cincinnati  Arch 
some  25  miles  east  of  the  Mississippian  outcrop  belt  (fig.   1)  and  about  16  miles  west  of  the  Pine 
Mountain  fault  block.    In  the  area  of  the  field,  the  Mississippian  strata  are  about  900  feet  thick  and 
are  overlain  by  600  to  900  feet  of  Pennsylvanian  sandstones  and  shales.     Regional  dip  is  southeast- 
ward about  40  feet  per  mile. 

Figure  2  shows  the  location  of  the  Oneida  West  field  and  an  outline  of  the  area  included  in  the 
field  maps  which  follow.    The  nearest  Fort  Payne  oil  production  is  the  now  abandoned  Boone  Camp 
pool  located  in  Morgan  County  about  14  miles  south- southwest  of  Oneida  West.    This  pool  was  dis- 
covered in  19  24  and  produced  about  125,  000  barrels  of  oil  from  13  wells.    Other  small  fields  in  Scott 
and  Morgan  Counties  have  produced  primarily  from  shallower  pays  in  the  Mississippian  Monteagle 
and  Bangor  Limestones. 

Also  shown  on  this  map  is  a  portion  of  the  Pine  Mountain  fault  block  with  the  Jacksboro  tear 
fault,   which  forms  the  southwestern  limit  of  this  major  structural  feature.    Two  small  surface  faults 
several  miles  east  of  the  field  also  are  shown.    These  faults,  with  displacements  of  less  than  50 
feet,  were  observed  during  reconnaissance  field  mapping  some  years  ago.    Very  likely,  detailed  sur- 
face mapping  in  this  region  would  reveal  additional  small-scale  structural  features  not  presently 
known. 

ONEIDA  WEST  FIELD 

History  and  General  Description 


Figure  3  shows  the  distribution  of  wells  in  the  area  of  the  field.    In  accordance  with  existing 
regulations  of  the  State  Oil  and  Gas  Board,   the  field  is  being  developed  on  approximately  10-acre 
spacing  with  a  minimum  of  660  feet  between  producing  wells. 

The  discovery  well  (fig.  3,  well  1)  is  the  Vawter  No.   1  Thompson  Heirs,  which  was  drilled  in 
with  cable  tools  in  May  1969  and  topped  the  Fort  Payne  pay  at  1,437  feet.     Drilling  was  stopped  be- 
cause of  the  heavy  flow  of  oil  and  gas.     The  well  was  initially  completed  flowing  about  25  BOPD 
open  hole.    In  September  1969  the  well  was  drilled  13  feet  deeper  and  recompleted  flowing  150  BOPD 
natural.     The  northwest  offset  was  completed  about  the  same  time  for  110  BOPD  flowing.     Development 
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Fig.   1  -  Map  of  Tennessee  showing  Scott  County. 
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progressed  slowly  until  May  1970,   when  an  out- 
post (well  11)  about  f  mile  northeast  established 
good  production  in  the  northern  lobe  of  the  field. 
By  March  1,    1971,   there  were  about  26  producing 
oil  wells  with  initial  flow  rates  ranging  from  100 
to  1,200  BOPD,   considerable  amounts  of  associ- 
ated gas,   and  no  water.    In  addition,   seven  gas 
wells,   currently  shut-in,  have  been  drilled  along 
the  northwest,   or  updip,   edge  of  the  productive 
area. 

The  distribution  and  status  of  wells  as 
of  March  1,    1971,   is  summarized  by  the  97  wells 
or  locations  shown  on  figure  3.    Of  these,   50  are 
completions  since  the  discovery  and  include  30 
oil  wells,   7  gas  wells,   and  13  dry  holes  (note 
that  a  number  of  the  dry  holes  are  field  wildcats, 
or  outposts) .    Thirty-one  wells  were  permitted  for 
drilling  or  testing,   and  16  are  old  wells  drilled 
prior  to  the  discovery  well  (indicated  by  letter 
symbols  on  the  map).    In  section  5,  wells  E, 
F,   and  G  reportedly  encountered  Fort  Payne  gas. 
Two  of  these  were  apparently  noncommercial; 
however,  well  E  was  completed  in  1961  for  an 
estimated  1,000  MCFGPD.     (The  existence  of 
these  gas  wells  plus  several  abandoned  Mont- 
eagle  wells  was  primarily  responsible  for  the 
continued  drilling  in  this  area  by  several  local 
Fig.  2  -  Scott  County,   Tennessee,   showing  lo-  operators,   whose  persistent  efforts  were  reward- 

cation  of  Oneida  West  field.  ed  with  the   discovery  of  the  Oneida  West  field.) 

Recent  development  of  the  Oneida  West  field  in  this  direction  indicates  that  well  E  is  probably  con- 
nected to  the  gas-cap  portion  of  the  reservoir. 

Wells  have  been  drilled  with  both  rotary  and  cable-tool  rigs,   and  several  air  rotaries  are  now 
active  in  the  area.     Completions  have  been  both  open  hole  and  through  perforations.     Many  wells 
have  been  acidized  with  apparently  favorable  results. 

Cumulative  Fort  Payne  production  from  the  field  by  the  end  of  the  year  1970  was  334,  000  bar- 
rels of  oil,  most  of  which  was  produced  in  the  last  five  months.  Daily  production  is  currently  esti- 
mated at  2,000  to  2,500  BOPD.    All  crude  is  being  trucked  out  because  of  lack  of  pipeline. 

The  field  presently  consists  of  two  distinct  productive  areas  separated  by  an  area  as  yet  un- 
drilled.     The  chief  reason  for  this  acreage  being  untested  is  the  existing  lease  pattern.    The  Thomp- 
son Heirs  lease  consists  of  about  450  acres  making  up  a  large  part  of  section  10.     The  operator  of 
this  lease  has  been  content  to  develop  it  at  a  leisurely  pace,   using  a  cable-tool  rig  to  drill  offset 
locations.    Although  a  dry  hole  has  been  drilled  just  east  of  this  tract  (well  5  at  point  A'  ),   present 
data  suggest  that  the  two  lobes  of  the  field  will  probably  connect  across  the  northern  half  of  section 
10. 

Stratigraphic  cross  sections  A-A'  -A"  (fig.  4)  and  B-B1  -B"  (fig.   5)  illustrate  the  correlation  of 
lower  Mississippian  units  in  the  field  area.     The  location  of  these  sections  is  shown  on  figure  3.     The 
selection  of  wells  on  the  sections  was  dictated  by  the  availability  of  electrical  log  and  sample  infor- 
mation at  the  time  of  preparation.     The  wells  on  cross  section  A-A1  -A"  include  the  interval  from  the 
top  of  the  Monteagle  Limestone  to  the  top  of  the  Chattanooga  Shale.     This  interval  maintains  a  con- 
sistent thickness  of  about  550  feet  in  this  area. 
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Although  this  report  is  confined  largely  to  a  discussion  of  the  Fort  Payne  Formation,   the  younger 
Mississippian  units  are  briefly  described  to  provide  the  nomenclature  used  here  and  in  the  outcrop  belts 
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Fig.  3  -  Index  map  of  Oneida  West  field,   Scott  County,   Tennessee. 
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some  25  miles  to  the  west.  This  nomenclature  is  consistent  with  that  established  by  the  Tennessee 
Division  of  Geology  (Stearns,  1963)  and  subsequently  published  in  both  surface  and  subsurface  maps 
and  reports,  such  as  those  by  Burwell  (1967),  Burwell  and  Milhous  (1967),  and  Barnes  (1968),  re- 
lating to  this  part  of  the  state.  These  younger  strata,  notably  the  Monteagle  and  Bangor  Limestones, 
have  produced  most  of  the  oil  and  gas  from  the  older  fields  in  Scott  and  Morgan  Counties  dating  back 
to  the  early  1900'  s.  These  units  must  also  be  considered  as  having  oil  and  gas  potential  throughout 
the  Cumberland  Plateau  region  of  Tennessee. 

The  Mississippian  section  in  this  area  consists  of  about  900  feet  of  strata  unconformably  over- 
lain by  Pennsylvanian  elastics.    The  interval  includes  rocks  from  the  top  of  the  Pennington  Formation 
down  to  the  Chattanooga  (New  Albany)  Shale.     Regionally,   the  pre- Pennsylvanian  unconformity  increas- 
es  in  magnitude  to  the  northwest;  beneath  it,  the  Pennington  thins  by  truncation,   and  above  it  the 
lower  Pennsylvanian  strata  thin  by  onlap  to  the  northwest. 

In  the  Oneida  West  area,  the  Pennington  Formation  is  about  225  feet  thick  and  typically  varied 
in  lithology.     It  consists   of  maroon  and  green  shale;    light  gray  to  green,    fine-grained  sandstone; 
dolomitic  siltstone;  and  several  beds  of  limestone.    Near  the  base  is  a  light-gray,   silty  dolomite 
which  is  widely  distributed  and  serves  as  an  excellent  marker  in  both  surface  and  subsurface  sections. 

Beneath  the  Pennington  is  the  Bangor  Limestone,  which  averages  about  100  feet  in  thickness 
in  this  area  and  is  made  up  of  massive,   medium-gray  to  brown,  finely  crystalline  limestones,  in  part 
oolitic  and  fragmental. 

Next  beneath  is  the  Hartselle  Formation,  which  in  this  area  consists  of  only  about  10  feet  of 
shale  that  contains  sandstone  or  limestone.     In  the  outcrop  belt  to  the  west,   the  Hartselle  is  better 
developed  and  consists  largely  of  fine-grained,  cross-bedded  sandstone  which  is  30  to  70  feet  thick. 

Underlying  the  Hartselle  is  the  Monteagle  Limestone,   which  consists  of  about  210  feet  of  mas- 
sive, mostly  light-colored,   fine-  to  medium-crystalline  limestones,  typically  oolitic  or  fossil-frag- 
mental. 

Below  the  Monteagle  is  the  St.  Louis  Limestone,  which  here  consists  of  some  60  to  80  feet  of 
medium-gray,  finely  crystalline  limestone  with  some  chert  and  variable  amounts  of  silty,  fine-grained 
dolomite. 

Below  the  St.  Louis  is  the  Warsaw  Formation,   consisting  here  largely  of  dolomitic  sandstones 
and  siltstones;  however,   the  upper  beds  locally  grade  into  sandy,  dolomitic  limestone.     Because  of 
the  varied  nature  of  this  interval  and  the  difficulty  of  recognizing  this  contact  on  electrical  logs,   the 
St.  Louis-Warsaw  boundary  is  not  shown  on  the  cross  sections.    An  electrical  log  marker,   here  called 
the  "W"  marker,  can  be  correlated  throughout  the  field  area.     The  stratigraphic  position  of  this  marker 
is  believed  to  be  30  to  40  feet  below  the  top  of  the  Warsaw  Formation.     Because  it  is  the  most  con- 
sistent horizon  observed  between  the  top  of  the  Monteagle  and  the  Chattanooga  Shale,  the  "W"  marker 
is  used  as  the  datum  for  the  cross  sections  (figs.  4  and  5).    The  dolomitic  sandstones  of  the  Upper 
Warsaw  grade  downward  into  a  series  of  tight,   dolomitic  siltstones  which  overlie  the  Fort  Payne  car- 
bonates.    The  thickness  of  the  Warsaw  is  estimated  to  range  from  120  to  more  than  200  feet  in  the 
field  area. 

It  is  worthy  of  mention  that  this  clastic  interval,  assigned  here  to  the  Warsaw,   is  doubtless 
equivalent  to  the  Borden  siltstones  which  apparently  interfinger  with  Fort  Payne  and  Warsaw  beds 
along  a  northwest- southeast  trend  in  south-central  Kentucky.    Wilson  (19  71,    this  publication,    p.  79- 
93  discusses  this  relationship  in  Kentucky  in  another  paper  in  this  symposium. 

The  Fort  Payne  consists  of  a  massive  carbonate  section  ranging  in  thickness  from  60  to  145  feet 
in  the  field  area.    The  Fort  Payne  Formation,  as  mapped  in  the  outcrop  belt  to  the  west,  is  more  than 
200  feet  thick  whereas  the  overlying  Warsaw  averages  only  about  100  feet.    These  relationships  indi- 
cate that  the  Fort  Payne-Warsaw  boundary  is  purely  a  lithologic  separation,   and  presumably  the  thick- 
ness variations  of  these  units  reflect  an  intertonguing  relationship  between  these  lithologies.    In  the 
field  area,   sample  studies  and  electrical  log  correlations  of  this  interval  (figs.  4  and  5)  also  suggest 
a  gradational  or  interfingering  relationship  at  this  horizon. 

As  an  operational  unit,   the  Fort  Payne  is  defined  as  the  massive  carbonate  occupying  the  in- 
terval between  the  dolomitic  siltstones  and  sandstones  above  and  the  Chattanooga  Shale  below.    In 
the  field  area,   the  Fort  Payne  ranges  in  thickness  from  60  to  145  feet  and  consists  of  two  distinct 
lithologic  types.     Locally,  the  upper  portion  consists  of  a  fine-  to  medium-crystalline,   noncherty 
limestone  ranging  from  0  to  60  feet  in  thickness.    This  lithology  contains  the  field  pay,  which  in 
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most  wells  consists  of  one  or  two  zones  of  vugular  porosity.     The  lower  or  remainder  of  the  Fort  Payne 
is  a  very  cherty  and  siliceous  limestone  or  dolomite.     These  units  are  labeled  "noncherty  limestone" 
and  "cherty  carbonate,  "  respectively,  on  the  cross  sections. 

The  contact  between  these  units  is  sharp  and  may  be  recognized  by  a  distinctive  "kick,  "  or 
"notch,  "  on  the  gamma-ray  log.     Sample  studies  confirm  this  relationship,   and  thus  far  good  produc- 
tion has  been  found  only  in  wells  in  which  the  noncherty  limestone  is  well  developed. 

The  noncherty  limestone  is  thin  or  absent  in  dry  holes  and  edge  wells,   and  in  these  wells  the 
entire  Fort  Payne  interval  is  cherty  and  siliceous. 

Fort  Payne  Formation 

Distribution  of  rock  types  and  relationship 
to  production 

Figure  6  is  an  isopach  of  the  total  Fort  Payne  carbonate  interval.     In  the  main  part  of  the  field 
the  thickness  is  100  feet  or  less,   but  the  unit  thickens  to  about  140  feet  to  the  east,    south,   and 
northwest,  where  non-productive  siliceous  carbonates  are  encountered.     In  the  central  part  of  the 
field,  the  contouring  is  incomplete  because  most  of  the  wells  in  this  area  did  not  penetrate  the  en- 
tire Fort  Payne  interval. 

Figure  7  is  an  isopach  of  the  productive  noncherty  limestone.    Although  the  productive  limits 
of  the  field  have  not  been  defined,  present  control  indicates  that  the  noncherty  limestone  is  a  lens- 
shaped  body  which  wedges  out  to  the  northwest,   east,   and  south  against  "thicks"  in  the  underlying 
cherty  carbonates.    As  previously  mentioned,   the  contact  between  these  lithologies  is  abrupt;  this  sharp 
contact,  coupled  with  the  thickness  patterns  shown,   suggests  that  the  noncherty  limestone  lens  was 
deposited  over  an  irregular  surface,   probably  erosional,  developed  on  the  underlying  siliceous  car- 
bonates.    Further  drilling  may  show  extensions  of  the  noncherty  limestone  to  the  northeast,    southeast, 
and  southwest. 

Well  5,   located  in  the  NE/4  of  SE/4  of  section  10  (fig.  4),  exhibits  several  interesting  features. 
This  dry  hole  is  structurally  low  relative  to  the  producing  wells  and  has  only  61  feet  of  Fort  Payne 
carbonate,  of  which  the  upper  27  feet  is  tight,   noncherty  limestone.     The  overlying  sandstones  and 
siltstones  are  correspondingly  thicker  than  those  in  adjacent  wells.    In  contrast,   in  well  22  (fig.  4), 
which  is  only  1,  100  feet  north  of  well  5,  the  top  of  the  Chattanooga  Shale  is  20  feethigher  and  the  well 
has  a  total  carbonate  section  of  93  feet.    The  noncherty  limestone  is  51  feet  thick  and  includes  sev- 
eral zones  of  porosity,  as  indicated  by  the  density  log.    This  well,   the  Clowes  and  Ray  No.  5  Whaley, 
was  acidized  through  perforations  and  was  completed  flowing  20  BO  PH. 

Three  wells,   13,   45,   and  55  (fig.  3,  west  side),  have  been  reported  as  Fort  Payne  oil  wells, 
although  they  are  located  updip  from  a  gas  well  completed  in  the  gas-cap  portion  of  the  main  field 
pay  zone.    A  sample  study  of  well  13  indicates  that  the  noncherty  limestone  is  not  present  in  this 
area;  the  entire  Fort  Payne  carbonate  is  about  140  feet  thick  and  consists  almost  entirely  of  very 
cherty  and  siliceous  dolomitic  limestones.     Although  these  wells  encountered  shows  and  several 
zones  of  saturation  in  the  Fort  Payne,  all  three  are  apparently  non-commercial  or  marginal  at  best, 
even  after  extensive  treatment  and  testing.    One  of  these  wells  is  shown  at  the  west  end  of  cross 
section  B-B'  -B"  (fig.  5,   well  45).     The  updip  pinchout  of  the  noncherty  limestone  between  wells  6 
and  45  is  illustrated.    It  is  apparent  that  these  marginal  wells  completed  in  the  low-permeability 
siliceous  Fort  Payne  are  isolated  from  the  vugular  porosity  zones  developed  in  the  noncherty  limestone 
of  the  main  reservoir. 

Several  wells  on  the  southeast  flank  of  the  field  have  encountered  a  noncherty  limestone  in- 
terval but  are  structurally  low  and  the  porosity  zones  are  poorly  developed  or  absent. 

Well  23,   located  at  point  B'   on  cross  section  B-B'  -B"  (fig.   5),   is  an  excellent  producer  typi- 
cal of  this  part  of  the  field.    The  lithologic  log  provides  a  good  comparison  between  the  electrical 
log  characteristics  and  the  rock  types  observed  in  the  lower  Mississippian  section.     Note  the  two 
well-developed  porosity  zones  in  the  noncherty  limestone  lens.     This  well,   the  C.   G.   Collins  No. 
1-3  Whaley,   was  completed  flowing  960  BOPD  on  a  1/8-inch  choke  after  acidizing  through  perfora- 
tions opposite  both  zones.     The  north  half  of  section  B-B'  -B"  includes  several  wells  in  which  the  pay 
is  at  or  above  the  gas-oil  contact.     A  sample  study  of  well  47  at  point  B"  (fig.  5)  confirms  the  updip 
pinchout  of  the  productive  limestone  in  this  direction. 
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Fig.  6  -  Isopach  map  of  total  Fort  Payne  carbonate  unit.     Contour  interval:    20  feet. 
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Fig.  7  -  Isopach  map  of  noncherty  portion  of  Fort  Payne.     Contour  interval:    10  feet. 
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Porosity  zones 


Neutron  and  density  logs  indicate  two  main  porosity  zones  in  the  productive  area.    These 
zones  are  erratic  in  both  thickness  and  quality;  however,   the  lower  zone  appears  to  be  more  con- 
sistent throughout  the  field.    Log  data  indicate  a  net  pay  thickness  ranging  from  3  to  30  feet  and 
log  porosities  ranging  from  10  to  15  percent.    Available  information  indicates  that  both  zones  proba- 
bly have  a  gas  cap  in  the  updip  portion  of  the  field. 

Figures  8  and  9  are  isopach  maps  of  the  net  porosity  of  the  upper  and  lower  pay  zones  as  de- 
termined from  neutron  and  density  logs.     The  thickness  values  are  necessarily  somewhat  approximate, 
since  many  of  the  logs  were  not  calibrated.    On  these  maps,  the  letter  "T"  next  to  a  thickness  value 
indicates  that  the  zone  is  present  but  probably  tight. 

Net  log  porosity  for  the  upper  zone  (fig.  8)  is  best  developed  in  the  northern  lobe  of  the  field 
but  reaches  a  maximum  of  only  8  to  10  feet. 

Net  log  porosity  for  the  lower  zone  (fig.  9)  is  both  thicker  and  more  widespread  but  is  quite 
variable  in  thickness  in  the  northern  part  of  the  field.     Four  wells  in  the  southern  part  of  the  field, 
all  in  section  9,   are  apparently  producing  from  the  lower  zone.    This  area  was  not  contoured  because 
of  the  lack  of  data  for  adjacent  areas.    It  is  probable  that  the  five  producing  wells  centered  around 
the  southwest  corner  of  section  10  are  also  productive  from  the  lower  zone;  however,    since  no  electric 
logs  were  run  on  these  wells,   no  values  could  be  assigned  to  them.     The  distribution  of  porosity  of 
the  lower  zone  also  suggests  that  further  drilling  in  section  10  will  connect  the  two  productive  areas 
of  the  field. 

Only  one  core  analysis  is  available  from  the  field.    In  the  Collins  No.  2-4  Whaley  (well  24, 
near  B,   fig.  3)  the  upper  porosity  zone  of  the  noncherty  limestone  was  cored  at  a  depth  of  1,  640  to 
1,652  feet.    A  conventional  core  analysis  indicates  a  total  productive  interval  of  5  feet,   averaging 
12.2  percent  porosity  and  56.8  md  permeability.     The  best  one  foot  of  the  zone  averaged  13.9  per- 
cent and  205  md.     However,   comparison  of  the  log  with  logs  of  adjacent  wells  indicates  that  the  pay 
is  anomalously  thin  in  this  well  and  is  not  typical  of  this  part  of  the  field.    The  Collins  No.  2-4 
Whaley  was  completed  through  perforations  and  after  acid  treatment  flowed  15  BOPH  on  a  22/64-inch 
choke. 

Structure 

Structural  mapping  at  several  horizons  shows  basically  the  same  pattern,  that  is,   local  irregu- 
larities superimposed  on  the  regional  southeast  dip.    Existing  control  does  not  indicate  updip  closure 
on  any  horizon,   although  there  is  evidence  of  flattening  along  the  northwest  flank  of  the  field.     Local 
structural  features  are  believed  to  be  post-Mississippian  in  age,   formed  probably  at  the  time  of  the 
major  Applachian  folding  and  thrust  faulting. 

Figure  10  is  a  structure  map  on  the  top  of  the  Monteagle  Limestone.    The  regional  southeast 
dip  is  evident,   and  in  the  northern  part  of  the  field  there  is  a  distinct  bench  with  several  noses  pro- 
jecting from  it.    All  structure  maps  show  a  low  in  the  southeast  part  of  section  10. 

Figure  11  is  a  structure  map  on  the  top  of  the  Fort  Payne  carbonate.    The  pattern  is  quite  simi- 
lar to  the  Monteagle  structure,   but  greater  relief  is  evident,   primarily  because  of  thickness  variations 
in  the  Fort  Payne  carbonates.    A  comparison  of  this  map  with  figures  7,   8  and  9  does  not  reveal  any 
obvious  relationship  between  structure  and  the  distribution  of  porosity  or  of  thickness  of  noncherty 
limestone.     However,   it  is  of  interest  to  note  that  the  structural  nose  shown  in  the  northwest  part 
of  section  6  coincides  with  a  trend  of  thick  noncherty  limestone.     Recent  activity  in  this  part  of  the 
field  suggests  that  an  extension  of  production  to  the  southwest  is  a  good  possibility. 

RECENT  EXPLORATION  IN  NEARBY  AREAS 

Since  the  Oneida  West  discovery,   some  30  wildcat  wells  have  been  drilled  in  Scott  County 
to  test  the  Fort  Payne  and  possible  younger  pays.     Four  of  these  wildcats  have  resulted  in  apparent 
discoveries.    Their  locations  are  shown  on  figure  2.     The  Venture  Oil  No.   1  Colditz  (fig.   2,   well  1) 
located  in  1-A-59E  was  recently  completed  pumping  12  BOPD  from  a  lower  Pennsylvanian  sandstone 


106 


ILLINOIS     STATE     GEOLOGICAL     SURVEY     ILLINOIS     PETROLEUM     95 


i 


59  E 


60E 


0 


A 
1    S 


o 


*     o 


'   \S< 


•    \ 


0  o     o 


Fig.   8  -  Isopach  map  of  the  net  porosity  of  the  upper  pay  zone  in  the  Fort  Payne.     Contour 
interval:    5  feet. 
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Fig.   9  -  Isopach  map  of  the  net  porosity  of  the  lower  pay  zone  in  the  Fort  Pjyne.     Contour 
interval:    10  feet. 
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Fig.   10  -  Structure  on  top  of  Monteagle  Limestone.     Contour  interval:    25  feet. 
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Fig.    11  -  Structure  on  top  of  the  Fort  Payne  carbonate.     Contour  interval:    25  feet. 
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at  a  depth  of  360  to  390  feet.     Several  miles  southeast  in  7-A-60E,   the  Morgan  No.   1  Thomas  (fig.  2, 
well  2)  has  been  flowing  about  80  BOPD  from  a  depth  of  949  to  958  feet  in  the  Monteagle  Limestone. 
In  15-A-61E,  the  Wiser  Oil  No.  1  Pemberton  (fig.  2,  well  3)  discovered  gas  in  a  Pennsylvanian  sand- 
stone at  1,  100  to  1, 140  feet  and  was  completed  for  412  MCFGPD.    Southeast  of  the  Oneida  West 
field,   the  Thomas  No.   1  Yancy  (fig.  2,  well  4)  in  2-2S-60E  is  currently  drilling  ahead  after  testing 
an  estimated  2,000  MCFGPD  from  a  depth  of  1,369  to  1,376  feet  in  the  Monteagle  Limestone. 

Possibilities  for  Fort  Payne  reservoirs  comparable  to  Oneida  West  pool  exist  over  a  large 
area  in  the  northern  Cumberland  Plateau.     The  Oneida  West  pool  appears  to  be  unlike  the  shallower, 
biohermal  Fort  Payne  accumulations  to  the  west  and  northwest.     Hopefully,  detailed  studies  of  this 
pool  and  data  from  current  and  future  wildcats  will  provide  some  criteria  for  Fort  Payne  exploration 
in  this  region. 
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VANADIUM  IN  CYPRESS,   AUX  VASES,   AND  STE.  GENEVIEVE 
CRUDE  OILS  OF  ILLINOIS 

R.  F.   Mast,    R.  R.  Ruch,   and  Elwood  Atherton 
Illinois  State  Geological  Survey,   Urbana,   Illinois 

ABSTRACT 

Concentrations  of  vanadium  in  109  crude  oil  samples  from  three 
Mississippian  formations  in  Illinois  were  determined  by  neutron  acti- 
vation analysis.  Vanadium  concentrations  in  these  samples  ranged 
from  less  than  0.1  to  3.9  micrograms  per  milliliter. 

High  concentrations  of  vanadium  were  found  in  areas  where  de- 
formational  highs,  inferred  from  isopach  maps,  developed  soon  after 
the  deposition  of  the  reservoir  rocks.  A  mechanism  based  on  this  cor- 
relation is  proposed  to  explain  the  observed  variations  in  vanadi- 
um concentrations.  It  is  reasoned  that  the  crudes  or  the  petroleum-like 
substances  which  formed  first  would  have  accumulated  in  early  de- 
formational  highs.  Presumably,  these  first  crudes  would  have  con- 
tained high  concentrations  of  porphyrins  and  non-hydrocarbon  mate- 
rials. The  concentration  of  these  substances  in  the  early  structures 
influenced  the  final  composition  of  the  crudes  that  were  eventually 
trapped  in  these  areas.  Although  chemical  maturation  appears  to  have 
altered  these  crudes,  it  alone  cannot  explain  the  concentration  varia- 
tions that  were  observed. 

INTRODUCTION 

Trace  metals  have  for  a  long  time  been  recognized  as  important  minor  constituents  of  petrole- 
um.   They  are  usually  present  in  crude  oil,   and  they  are  found  as  metal  complexes  which  belong  to 
the  general  class  of  porphyrin  complexes  (Dunning  and  Moore,    1957).     It  has  been  suggested  by  Dun- 
ning and  Moore  that  these  porphyrin  complexes  had  a  biologic  origin  and,   although  somewhat  degraded 
from  their  original  form,   have  been  preserved  in  crude  oil  throughout  geologic  time.     It  is  generally 
believed  that  nickel  and  vanadium  complexes  were  formed  by  metal  exchange  reactions  after  deposi- 
tion of  the  organic  materials.     Hodgson  and  Hitchon  (1959)  concluded  that  conditions  resulting  in  the 
preservation  of  chlorophyll  with  or  without  conversion  to  pheophytin  are  well  within  the  conditions 
present  during  the  formation  of  petroleum  source  rocks. 

Hodgson  (1954)  working  with  Cretaceous  to  Devonian  crudes  from  western  Canada  showed  a 
decrease  in  the  ratio  of  the  concentration  of  vanadium  to  the  concentration  of  nickel  with  increasing 
geologic  age.     This  trend  was  attributed  to  possible  difference  in  stability  between  the  vanadium 
and  the  nickel  hydrocarbon  complexes.    In  1959  Hodgson  and  Baker  published  data  which  showed  that, 
in  general,  the  higher  the  nickel  content,  the  higher  were  the  asphaltenes,   resins,   vanadium,   and 
sulfur  contents  and  the  lower  was  the  API  gravity  in  samples  of  Cretaceous  to  Devonian  crude  oils. 
They  used  the  trace  metal  data  to  infer  the  direction  which  crudes  had  migrated  into  four  large  oil 
fields  in  western  Canada. 

Bonham  (1956),   working  with  crudes  from  several  lower  Pennsylvanian  formations  in  the  Semi- 
nole area  of  Oklahoma,   suggested  that  variations  in  the  vanadium  and  nickel  content  seemed  to  have 
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paleogeographic  significance.     He  noted  that  these  same  trends  could  have  resulted  from  a  southeast- 
erly crude  oil  migration.     Bonham  also  discussed  the  provincial  character  of  crude  oils  from  different 
areas  in  terms  of  both  the  kind  and  the  amount  of  trace  metals  they  contain.     Silverman  (1965)  demon- 
strated that  the  vanadium  content  of  a  series  of  related  crudes  decreased  updip  along  the  inferred 
migration  path.     Mast,   Shimp,    and  Witherspoon  (1968)  studied  nickel  and  vanadium  in  crudes  from 
the  Mississippian  Waltersburg  Sandstone  in  the  Illinois  Basin.     They  found  regional  trends  in  nickel 
and  vanadium  concentrations  similar  to  those  trends  described  by  Bonham  (1956).    Theywere  not,  however, 
able  to  lend  much  support  using  variations  in  trace  element  concentrations  to  the  hypothesis  suggested 
by  Swann  (1951)  that  faults  were  the  source  of  these  crudes.     They  concluded  that  the  crudes  in  the 
Waltersburg  Sandstone  came  from  source  rocks  near  the  present  reservoirs. 

In  summary,   previous  work  on  trace  element  concentrations  in  crude  oils  from  several  geologic 
provinces  has  shown  that  variations  in  concentrations,   especially  of  nickel  and  vanadium,   appear  to 
be  systematic.     However,   several  different  interpretations  have  been  applied  in  an  effort  to  explain 
the  origin  of  these  concentration  trends.     Published  evidence  suggests  that  at  least  four  factors  — 
source,   paleogeography,   crude  oil  migration,    and  crude  oil  maturation  —  have  significance  in  deter- 
mining the  eventual  trace  element  concentration  of  a  given  crude  oil. 

This  investigation  was  directed  toward  the  study. of  regional  and  stratigraphic  variations  in  the 
vanadium  content  of  petroleum  in  Illinois.     The  purpose  of  the  investigation  was  to  determine  whether 
variations  in  vanadium  concentrations  of  the  crudes  correlated  with  some  aspect  of  the  geology  of 
the  Illinois  Basin.     If  this  type  of  correlation  were  established,    it  could  provide  a  basis  for  interpreting 
chemical  variations  in  Illinois  crudes.     The  interpretation  of  geochemical  data  of  this  type  may  provide 
useful  information  in  future  exploration  for  oil  and  gas  in  Illinois. 

SAMPLING  PLAN  AND  CHEMICAL  ANALYSIS 

Crude  oil  samples  were  collected  from  three  Mississippian  Formations  —  the  Cypress  Sand- 
stone,  the  Aux  Vases  Sandstone  Formation,   and  the  Ste.  Genevieve  Limestone  Formation  (fig.   1). 
These  formations  were  chosen  for  study  primarily  because  oil  production  from  each  was  widespread 
geographically  and  covered  nearly  the  entire  oil-producing  area  of  Illinois.    An  effort  was  made  to 
collect  at  least  one  crude  sample  from  each  of  these  formations  in  each  Illinois  oil  and  gas  map  area. 
These  mapped  areas  in  general  covered  nine  legal  townships  and  provided  a  convenient  basis  for 
sampling.     In  a  few  of  the  oil  and  gas  areas,   dual  well  completions  and/or  well  abandonments  made 
it  impossible  to  collect  some  samples.     Figure  2  shows  the  area  from  which  samples  were  collected. 

The  sampling  procedures  used  are  described  by  Mast,   Shimp,   and  Witherspoon  (1968). 

About  20  ml  of  each  crude  oil  sample  was  washed  with  ~  20  ml  of  de-ionized  water  and  al- 
lowed to  settle  for  a  week.  The  purpose  of  the  wash  was  to  dilute  or  completely  eliminate  any  pos- 
sible contamination  from  the  brine  accompanying  the  crude.  Various  control  samples  analyzed,  with 
and  without  washing,    showed  no  difference  in  vanadium  content. 

An    ~  1.5  ml  snap-cap  polyvial  was  filled  with  the  crude,   heat  sealed,   and  promptly  irradi- 
ated for  30  seconds  in  the  University  of  Illinois  Triga  Reactor.    One  (1.0)  ml  was  immediately  trans- 
ferred to  an  unirradiated  vial  and  counted  in  a  suitable  geometry  above  a  3"  x  3"  Nal  detector  con- 
nected to  a  256-channel  Northern  Scientific  Analyzer.     Samples  were  counted  at  least  twice  to  con- 
firm the  radioactive  decay  of  3.8  minute  5  2v.     The  1.44  meV  gamma-ray  photopeak  was  integrated  for 
quantitative  comparison  with  an  aqueous  vanadium  standard  (3.3  2  pg). 

Standards  were  randomly  run  throughout  an  irradiation  time  (1-3  hours)  to  insure  that  no  sig- 
nificant neutron  flux  change  had  occurred.     In  addition,    a  control  crude  oil  sample  was  run  with  each 
set  of  samples  to  check  the  consistency  of  values  obtained  from  day  to  day.    The  precision  of  the  analyt- 
ical procedure  was  estimated  to  be    ±  15  percent  of  the  measured  concentrations. 

PRESENTATION  OF  THE  DATA 

Pertinent  data  for  all  of  the  samples  collected  and  analyzed  for  vanadium  are  given  in  table  1. 
Vanadium  concentrations  in  the  samples  ranged  from  less  than  0.1  yg/ml  to  3.9  pg/ml.     The  average 
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vanadium  concentration  in  31  Cypress,   37  Aux 
Vases,   and  41  Ste.  Genevieve  samples  was 
0.82,    0.63,    and  0. 71  pg/ml,   respectively. 


Reservoir  Depth,   Oil  Gravity,   and  Vanadium 
Concentration  in  Crudes 

Previous  work  (Hodgson  and  Baker, 
1959)  has  shown  that  vanadium  concentrations 
in  crude  oils  are  related  to  the  API  gravity  of 
the  crudes  and  the  reservoir  depths.     Figures  3 
and  4  show  crossplots  of  reservoir  depth  and  oil 
gravity  versus  vanadium  concentrations  for  the 
crudes  from  each  formation  and  for  all  of  the 
samples  collected.    As  can  be  seen  in  the 
graphs  in  figures  3  and  4,   there  is  no  simple 
relationship  between  vanadium  concentration 
and  reservoir  depth  or  between  vanadium  con- 
centration and  the  crude  oil  gravity  for  the  sam- 
ples investigated. 

Distributions  of  Vanadium  Concentrations 
in  Crudes 

Figure  5  shows  the  distribution  of  vana- 
dium concentrations  in  crudes  from  each  of  the 
three  formations  investigated.    These  distribu- 
tions are  very  similar.    On  the  basis  of  these 
data,   there  do  not  appear  to  be  any  significant 
differences  in  the  amounts  of  vanadium  found  in 
the  crudes  from  the  three  formations  studied. 
This  observation  is  consistent  with  the  inter- 
pretation that  these  sediments  were  derived  from 
essentially  the  same  source  area  (Potter  and 
Pryor,    1961)  and  that  the  conditions  under 
which  deposition  took  place  were  fairly  uniform. 
During  Chesterian  and  Genevievian  time  the  Il- 
linois Basin  can  probably  be  best  described  as 
a  broad,    slowly  subsiding  trough,   gently  dip- 
ping to  the  south  or  southwest.    As  interpreted 
by  Swann  (1964),   variations  in  sedimentation 
reflect  changes  in  climate  at  the  distant  source 
area  and  shifts  in  location  of  the  Michigan  Riv- 
er Delta.     Fifteen  major  cycles  of  alternating 
limestone  and  sandstone  deposition  during 
Chesterian  and  Genevievian  time  can  be  recog- 
nized in  the  basin  (Swann,    1964).     Although 
there  are  exceptions,    the  general  environment 
of  deposition  for  the  same  lithologic  type  in 
each  cycle  appears  to  be  similar.    Given  these 
geologic  conditions,   it  is  not  surprising  that 
the  distributions  of  vanadium  concentrations 
found  in  the  oils  from  these  three  formations 
were  very  similar. 
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Fig.   1  -  Classification  of  late  Mississippian 
rocks  of  Illinois  (after  Swann,    1963). 
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TABLE   1    -  LOCATION,    DEPTH,    GRAVITY,    AND   VANADIUM   CONCENTRATION   FOR   SAMPLES   OF   ILLINOIS   CRUDE  OILS 


Formation 
County 


Laboratory 
no. 


Location 
Sec.-T.-R. 


Depth 
(ft) 


Gravity 
(API) 


Vanadium 

Vjg/ml 


Cypress 
Bond 
Clay 


Clinton 
Coles 

Crawford 
Effingham 

Fayette 

Gallatin 
Lawrence 
Lawrence 
Marion 

Perry 

Richland 
Saline 
Wabash 
Washington 


Wayne 
White 

Williamson 

Aux  Vases 
Bond 
Clark 
Clay 


Crawford 

Edwards 

Effingham 

Franklin 


Gallatin 

Jasper 
Jefferson 


Lawrence 
Marion 

Moultrie 
Saline 

Shelby 

Wabash 
Wayne 


0-1617 
0-1590 
0-1621 
0-1536 
0-1616 
0-1587 
0-1638 
0-1533 
0-1631 
0-1633 
0-1637 
0-1597 
0-1625 
0-1644 
0-1614 
0-1619 
0-1518 
0-1604 
0-1612 
0-1594 
0-1609 
0-1559 
0-1606 
0-1605 
0-1541 
0-1543 
0-1527 
0-1600 
0-1598 
0-1577 
0-1556 

0-1618 
0-1528 
0-1585 
0-1539 
0-1538 
0-1537 
0-1635 
0-1526 
0-1622 
0-1630 
0-1584 
0-1567 
0-1574 
0-1548 
0-1583 
0-1557 
0-1558 
0-1523 
0-1565 
0-1560 
0-1607 
0-1626 
(1) 
(2) 
0-1628 
0-1595 
0-1554 
0-1627 
0-1610 
0-1613 
0-1550 


21-6N-2W 
23-3N-5E 
11-5N-5E 
5-5N-7E 
8-1N-2W 
34-12N-7E 
11-8N-14W 
12-6N-6E 
6-8N-4E 
3-7N-3E 
16-7N-3E 
23-7S-9E 
6-4N-12W 
5-3N-12W 
16-1N-1E 
35-4N-1E 
28-4S-1W 
25-4S-2W 
18-3N-9E 
35-7S-6E 
26-1S-13W 
28-1S-1W 
11-2S-1W 
24-3S-2W 
28-2N-8E 
32-2S-9E 
20-3S-14W 
13-6S-8E 
16-6S-10E 
15-8S-3E 
21-8S-2E 

10-6N-2W 

31-9N-14W 

35-3N-5E 

32-3N-8E 

10-4N-7E 

1-5N-6E 

6-7N-13W 

7-2S-11E 

27-6N-5E 

16-7N-5E 

35-5S-1E 

8-6S-2E 

26-6S-4E 

1-7S-1E 

1-7S-2E 

34-7S-10E 

2-8S-9E 

5-5N-10E 

4-1S-2E 

13-2S-4E 

11-3S-2E 

13-4N-13W 

2N-2E 

8-1N-2E 

22-12N-6E 

20-8S-6E 

16-8 S-7E 

22-10N-5E 

4-1S-13W 

13-1N-9E 

8-1S-8E 


858 
546 
142 
495 
129 
800 
901 
461 
545 
590 
509 
582 
548 

661 
345 
156 
103 
617 
535 
308 
450 
457 
235 
630 
920 
822 
660 
644 
290 
211 

060 
186 
834 
937 
846 
703 
447 
052 
343 
207 
662 
667 
110 
620 
623 
738 
847 
789 
010 
966 
554 
686 

877 
962 
840 
906 
946 
628 
138 
141 


35.2 
37.0 
35.0 
39.4 
35.8 
38.6 
37.0 
36.8 
36.0 
36.0 
36.0 
33.4 
40.0 
40.0 
35.8 
36.0 
28.0 
33.6 
34.6 
33.7 
35.0 
35.6 
38.6 
37.4 
33.8 
36.2 
36.2 
36.2 
37.6 

38.2 

36.4 
35.2 
37.6 
37.2 
35.2 
35.2 
34.8 
36.4 
35.4 

38.0 
39.2 
37.0 
38.2 
37.4 
36.8 
36.6 
37.2 
37.0 
38.2 
36.8 
38.2 

37.0 
35.8 
39.8 
37.0 
37.8 
38.2 
38.0 
38.6 


0.21 
0.72 


.87 

.85 

.82 

.47 

.72 

.74 

.77 

0.72 

0.74 

1.50 

0.51 

1.10 

0.50 

1.06 

0.59 

0.98 

0.74 

0.30 

1.14 

0.79 

0.60 

0.55 

0.78 

0.13 

3.86 

0.83 

1.00 

0.60 

0.17 

0.97 
0.32 
0.90 
0.44 
0.52 
0.65 
1.03 
0.42 
0.80 
0.80 
0.38 
0.25 
0.26 
0.30 
0.54 
1.40 
0.34 
0.70 
0.43 
0.08 
0.48 
0.70 
0.82 
0.50 
1.50 
0.37 
0.09 
0.62 
2.01 
0.25 
0.21 
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TABLE  1  -  continued 

Formation 

Laboratory 

Location 

Depth 

Gravity 

Vanadium 

County 

no. 

Sec.-T.-R. 

(ft) 

(API) 

ug/ml 

0-1588 

18-1S-5E 

2,926 

39.2 

0.75 

0-1542 

33-2S-8E 

3 

356 

38.6 

0.27 

White 

0-1601 

14-5S-8E 

3 

129 

36.8 

0.89 

0-1599 

28-5S-10E 

2 

989 

35.2 

1.05 

0-1649 

13-7S-9E 

2 

924 

38.0 

0.99 

Williamson 

0-1578 

21-8S-4E 

2 

878 

36.4 

0.31 

Ste.  Genevieve 

Clay 

0-1591 

35-3N-5E 

2 

905 

37.6 

0.90 

0-1540 

5-2N-8E 

2 

945 

38.0 

0.43 

0-1535 

5-5N-7E 

2 

806 

40.0 

0.53 

Coles 

0-1586 

10-11N-7E 

1 

968 

36.6 

0.46 

(3) 

26-12N-7E 

1 

923 

38.2 

0.30 

Douglas 

0-1629 

16-14N-8E 

1 

717 

38.6 

<0.2 

Edgar 

0-1640 

1-12N-11W 

995 

35.4 

3.34 

Edwards 

0-1522 

36-2N-10E 

3 

214 

35.8 

0.28 

0-1529 

7-2S-11E 

3 

090 

37.4 

0.62 

Effingham 

0-1639 

18-7N-6E 

2 

434 

38.4 

0.61 

0-1534 

1-8N-6E 

2 

416 

35.6 

0.58 

Franklin 

0-1547 

25-5S-2E 

2 

822 

3  4. .4 

0.41 

0-1575 

28-5S-3E 

2 

835 

37.2 

0.57 

0-1546 

11-6S-2E 

2 

727 

36.2 

0.36 

0-1573 

23-6S-4E 

2 

844 

38.4 

0.84 

0-1553 

16-7S-3E 

2 

913 

33.8 

0.39 

0-1593 

30-7S-3E 

2 

764 

38.0 

0.40 

0-1579 

27-7S-4E 

3 

160 

35.2 

0.37 

Gallatin 

0-1596 

32-7S-8E 

2 

796 

38.2 

0.24 

Jasper 

0-1524 

32-6N-10E 

2 

794 

38.0 

0.54 

0-1530 

27-7N-10E 

2 

654 

38.0 

0.53 

Jefferson 

0-1576 

14-1S-3E 

2 

736 

36.0 

0.68 

0-1561 

13-2 S-4E 

3 

098 

36.4 

0.21 

0-1563 

35-3S-2E 

2 

754 

36.8 

0.49 

0-1545 

27-3S-4E 

3 

078 

36.6 

0.10 

Lawrence 

0-1636 

2-4N-13W 

1 

658 

41.3 

1.28 

0-1643 

8-3N-12W 

41.3 

0.52 

Marion 

0-1615 

5-2N-2E 

2 

150 

38.4 

0.90 

(4) 

6-1N-2E 

1 

915 

37.4 

0.40 

(5) 

2N-2E 

0.52 

Richland 

0-1521 

18-3N-9E 

2 

978 

38.0 

0.60 

Wabash 

0-1562 

5-1S-12W 

2 

333 

38.8 

1.00 

0-1645 

16-1N-12W 

1 

972 

36.4 

1.77 

Wayne 

0-1551 

2-1S-8E 

3 

097 

38.6 

0.24 

0-1549 

11-1S-8E 

3 

085 

36.2 

0.09 

0-1608 

19-1S-8E 

3 

295 

38.6 

0.33 

0-1555 

32-2S-9E 

2 

920 

36.2 

0.15 

White 

0-1566 

29-5S-10E 

3 

095 

34.6 

3.62 

0-1602 

13-6S-8E 

3 

100 

37.8 

0.51 

0-1603 

33-6S-8E 

3 

149 

37.8 

0.42 

0-1564 

24-7S-10E 
loon  and  Nagashlma,  (193 

2 

866 

35.0 
e  of  4  samples  from 

2.54 
Renault- 

(1),  (2),  (3),  (4),  (5 

)  -  data  from  Wither sf 

7)  ;  (1)  -  averag 

Aux  Vases  section  in  Salem  field;  (5)  -  average  of  5  samples  from  Ste.  Genevieve  section  in  Salem  field. 

Geographic  Variations  in  Vanadium  Concentrations  in  Crudes 


The  vanadium  concentrations  given  in  table  1  are  plotted  and  contoured  in  figure  6a,   b,   c, 
for  the  Cypress,   Aux  Vases,   and  Ste.  Genevieve  oils.     In  general  the  isocons  of  vanadium  appear  to 
parallel  the  major  structural  features  in  the  study  area  (see  fig.   2),   and  usually  the  same  vanadium 
concentration  trends  show  on  all  three  maps.     For  example,   high  vanadium  concentrations  are  shown 
in  figure  6a,   b,   c  (in  Gallatin,  White,  and  Wabash  Counties)  running  parallel  to  the  Wabash  Valley 
Fault  System.    Also  a  minor  high  was  always  contoured  in  the  Franklin  and  Williamson  Counties  area. 

The  most  notable  difference  between  formations  was  found  in  the  area  of  the  Clay  City  Anti- 
cline.    Here  vanadium  concentrations  in  the  Cypress  crudes  in  northern  Wayne  and  southwestern  Rich- 
land Counties  were  high,  whereas  vanadium  concentrations  in  the  Aux  Vases  and  Ste.  Genevieve  crudes 
in  these  areas  were  relatively  low. 
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Fig.   2  -  Area  from  which  samples  were  collected, 
showing  major  structural  features. 

INTERPRETATION  OF  THE  DATA 

Relation  of  Vanadium  Concentrations 
in  Crudes  to  Depositional  Features 

Efforts  to  correlate  the  geographic  vari- 
ations in  vanadium  concentrations  with  the  ge- 
ology of  the  rocks  from  which  the  crudes  came 
met  with  limited  success.     For  example,    a  com- 
parison of  the  map  of  vanadium  concentrations 
in  the  Cypress  crudes  with  a  map  of  the  sand- 
shale  ratios  in  the  Cypress-Bethel  sequence 
(Swann  and  Bell,    1958,   fig.    12)  shows  that  the 
vanadium  highs  in  the  central  and  eastern  por- 
tions of  the  study  area  roughly  correspond  to 
regions  in  which  the  sand-shale  ratios  in  this 
sequence  are  high.     However,   this  correlation 
appears  to  break  down  on  the  western  side  of 
the  study  area.     Efforts  to  improve  the  correla- 
tion by  drawing  a  sand-shale  ratio  map  and  a 
map  of  sandstone  thickness  in  the  Cypress 
Sandstone  Formation  were  not  successful. 
These  maps  were  based  on  one  well  per  town- 
ship,  which  should  have  been  adequate  control 
for  this  type  of  regional  correlation. 

A  situation  similar  to  that  in  the  Cypress 
is  also  found  in  the  Aux  Vases  and  Ste.  Gene- 


vieve Formations.     The  maps  of  vanadium  con- 
centrations in  crudes  from  the  Aux  Vases  and 
Ste.   Genevieve  Formations  both  show  vanadium 
highs  to  the  northwest,    near  the  areas  where 
sandstones  in  these  units  are  best  developed. 
However,   the  vanadium  highs  are  also  found 
parallel  to  the  Wabash  River  in  southeastern 
Illinois  where  sands  are  poorly  developed  in 
these  formations.     No  useful  correlations  of  the 
vanadium  maps  with  the  other  maps  published 
by  Swann  and  Bell  (195  8)  or  with  individual 
formation  thickness  maps  could  be  established. 
Swann  and  Bell'  s  maps  for  various  sequences 
in  the  Genevievian  and  Chesterian  show  (in 
addition  to  sand-shale  ratios)  thickness  of 
total  elastics,   clastic  ratios,  and  total  thick- 
ness of  the  sequence.     In  summary,  efforts  to 
link  vanadium  concentrations  in  the  crudes 
to  some  of  the  depositional  features  of  the  sed- 
iments which  contain  the  crudes  were  not  very 
successful. 

Relation  of  Vanadium  Concentrations 
in  Crudes  to  Isopachs  of  Overlying  Stages 

As  was  noted  earlier,   vanadium  isocons 
tend  to  parallel  the  major  structural  trends  in 
the  study  area.     Furthermore,   high  vanadium 
contents  were  found  in  the  three  crude  samples 
which  happened  to  be  collected  from  reservoirs 
overlying  known  reefs.     The  vanadium  concen- 
trations in  these  samples  are  shown  in  relation 
to  vanadium  concentrations  in  crudes  from  the 
same  formation  in  figure  5,  and  the  locations  of 
these  samples  are  shown  in  figure  6.    According 
to  Brownfield  (1954),   compactional  folding  was 
most  important  over  buried  Niagaran  reefs. 
Since  compaction  was  a  continual  process,   it 
was  reasonable  to  conclude  that  local  highs  de- 
velop in  sediments  overlying  reef  areas  soon 
after  deposition  and  continue  to  develop  with 
time.     Because  high  vanadium  contents  were 
found  in  the  samples  overlying  reefs,   it  was  de- 
cided to  investigate  the  possibility  that  vanadi- 
um concentrations  in  the  crudes  were  related  to 
early  structural  deformation  and  thus  to  the 
early  history  of  the  formation  and  accumulation 
of  the  crudes. 

Early  structural  highs  can  result  from 
both  crustal  movement  and  from  compaction  ef- 
fects.   One  way  to  study  these  relationships  in 
a  reservoir  bed  is  to  isopach  the  immediately 
overlying  rocks  that  were  deposited  during  a 
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Fig.  6a  -  Vanadium  in  Cypress  crudes, 
b  -  Vanadium  in  Aux  Vases  crudes, 
c  -  Vanadium  in  Ste.  Genevieve  crudes. 
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given  time  interval.  The  isopach  map  should  show  thin  areas  above  early  structural  highs  in  the  under- 
lying reservoir  bed,  if  the  bounding  surfaces  of  the  isopached  unit  were  approximately  level  when  they 
were  formed. 

Three  stages  are  recognized  in  the  Chesterian  Series:  Gasperian,   Hombergian,   and  Elviran 
(fig.   1).    An  isopach  map  was  prepared  for  the  Hombergian  rocks  (fig.   7).     Rocks  of  this  stage  are 
separated  from  the  Cypress  Formation  by  the  thin  Beech  Creek  Limestone  Formation  and  should  re- 
flect early  structures  developed  in  the  Cypress.    An  isopach  of  the  Gasperian  stage  should  reflect 
early  structural  highs  in  the  underlying  Aux  Vases  and  Ste.  Genevieve  Formations.     Since  the  Levias 
Member  is  thin  and  difficult  to  separate  on  electric  logs  from  the  rest  of  the  Renault  Formation,  it 
was  included  with  the  Gasperian     and  the  entire  Renault-Beech  Creek  interval  was  isopached  (fig.  8). 
The  thickness  data  used  to  draw  this  map  were  taken  from  a  series  of  cross  sections  of  Chesterian 
rocks  which  were  cross-correlated  in  both  north-south  and  east-west  lines  across  Illinois.     The  con- 
trol density  is  one  well  per  township. 

A  comparison  of  figure  7  with  figure  6a  shows  that  high  vanadium  concentrations  in  the  Cypress 
crudes  are  found  in  areas  where  the  Hombergian  rocks  tend  to  thin  basinward.    In  other  words,   the 
vanadium  isocons  run  parallel  to  lines  connecting  the  noses  of  the  isopach  lines  that  point  southward. 
The  larger  concentrations  tend  to  be  found  closer  to  these  axes  of  thinning,  and  the  smaller  concen- 
trations are  found  in  areas  where  isopach  lines  nose  northward.    A  comparison  of  figure  6b  and  c 
with  figure  8  shows  that  this  same  relationship  applies  fairly  well. 

The  relationship  between  overlying  thickness  and  trace  concentrations  of  vanadium  is  shown 
best  in  an  area  in  White,   Wabash,   and  Gallatin  Counties  running  parallel  to  the  Wabash  River.    This 
area  has  been  designated  as  the  lower  Wabash  area  and  the  north-northeast  trending  fault  system  has 
been  called  the  Wabash  Valley  Fault  System  (Swann,    1951).    A  comparison  of  figure  7  with  figure  8 
in  this  locality  shows  that  there  is    a  general  but  modest  basinward  thinning  of  both  the  Renault-Beech 
Creek  and  the  Hombergian  age  rocks  running  parallel  to  the  Wabash  Valley  Fault  System.    Vanadium 
concentrations  in  the  samples  of  Cypress,  Aux  Vases,   and  Ste.  Genevieve  crudes  from  this  area  were 
always  high  (see  figure  6a,   b,   c) . 

In  addition  to  the  vanadium  data  presented  here,   Mast,   Shimp,   and  Witherspoon  (1968)  have 
also  shown  nickel  and  vanadium  highs  throughout  this  same  general  area  in  crudes  from  the  Walters- 
burg  Sandstone.     Evidence  that  the  rocks  overlying  the  Waltersburg  Sandstone  in  this  area  were  thin 
was  shown  by  Pullen  (1951)  in  an  isopach  of  the  interval  from  the  Harrisburg  (No.  5)  Coal  Member  to 
the  Negli  Creek  Limestone  Member  at  the  base  of  the  Kinkaid  Limestone.     His  map  shows  a  marked 
thinning  in  Gallatin  County  directly  over  and  parallel  to  the  thinning  trends  shown  in  figures  7  and  8. 
It  therefore  appears  that  the  high  concentrations  of  vanadium  in  crudes  from  the  Ste.  Genevieve,  Aux 
Vases,   Cypress,   and  Waltersburg  Formations  may  be  related  to  the  slow  but  continuous  arching  of 
the  sediments  in  the  lower  Wabash  area  during  Chesterian  and  Pennsylvanian  time. 

Although  this  same  relationship  can  be  applied  fairly  well  on  a  regional  basis  in  most  other 
areas  of  the  state,   it  is  still  difficult  to  explain  all  the  observed  variations  in  vanadium  concentra- 
tions on  this  basis  alone.     This  problem  may  be  a  result  of  the  fact  that  the  deformational  history  of 
the  sediments  in  some  of  these  areas  is  quite  complex  and  cannot  be  described  adequately  by  the  two 
isopachs  shown. 

Possible  Mechanisms  for  Producing  the  Observed  Variations 
in  Vanadium  Concentrations  in  Crudes 

It  has  been  demonstrated  by  many  authors  that  there  is  a  systematic  change  in  the  properties 
and  composition  of  crudes  with  changes  in  their  location  within  sedimentary  basins  (Hedberg,    1964). 
In  general,   oil  gravities  and  paraffin  contents  of  crudes  increase  as  the  nonhydrocarbons  (organic 
compounds  containing  nitrogen,  oxygen,   and  sulfur),   asphaltenes,   and  porphyrin  contents  decrease 
basinward  (Silverman,    1965). 

The  vanadium  concentrations  in  Illinois  crudes  (fig.  6a,  b,   c)  do  show  a  general  tendency 
to  decrease  to  the  south,   although  the  patterns  vary  somewhat  between  formations.     In  addition,   sul- 
fur contents  of  Ste.  Genevieve  crudes  shown  in  figure  9  also  appear  to  decrease  southward.     The  sul- 
fur data  were  taken  from  Rees,    Henline,   and  Bell  (1943)  and  from  Smith  (1940).     It  should  be   noted 
that  there  is  a  striking  similarity  between  the  map  of  sulfur  concentrations  shown  in  figure  9  and  the 
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Fig.  7  -  Isopach  map  of  Hombergian  age  rocks.     Isopach  interval  25  feet. 


map  of  vanadium  concentrations  shown  in  figure  6c  for  the  crudes  from  the  Ste.  Genevieve  Formation. 
This  similarity  exists  even  though  the  data  used  to  make  these  two  maps  came  from  samples  from  dif- 
ferent wells  and  in  some  cases  from   samples  from  different  oil  pools  in  Illinois. 

Many  mechanisms  have  been  suggested  to  explain  these  general  basinward  trends  (Hedberg, 
1964).     It  is  possible  that  the  southward  decrease  in  sulfur  and  vanadium  contents  of  the  crudes  is 
related  to  the  chemical  maturation  of  the  crudes.     Maturation  in  turn  may  be  related  to  the  maximum 
thickness  of  the  sediments  which  overlie  the  oil  reservoirs.     During  Mississippian  and  Pennsylvanian 
time  the  Illinois  Basin  was  open  to  the  south:  most  formations  thickened  to  the  south  beyond  their 
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Fig.  8  -  Isopach  map  of  rocks  in  Renault-Beech  Creek  interval.    Isopach  interval  25  feet. 

present  truncated  edges.     During  Mesozoic  time,   the  Pascola  Arch  rose,   closing  the  south  end  of  the 
present  Illinois  Basin,   and  erosion  removed  a  great  thickness  of  Pennsylvanian  and,   probably,    Permi- 
an rocks  from  southern  Illinois.     There  is  reason  to  believe  that  this  "lost"  portion  of  the  upper  part 
of  the  Paleozoic  column  was  about  a  mile  thick  (Damberger,    1971);    therefore,    the   present  depth 
of  reservoirs  in  this  region  may  not  be  an  adequate  measure  of  the  effect  of  burial  on  maturation  of 
the  crudes.    Also  shown  on  figure  9  are  some  iso-rank  lines  for  the  Herrin  (No.   6)  Coal  Member 
(Damberger,    1971).      The   rank  of  the  coal  is  interpreted   as  being  influenced  by  temperature,   which 
in  turn  can  be  related  to  burial.     Therefore,   the  iso-rank  lines  should  give  an  estimate  of  the  relative 
temperatures  to  which  the  oils  were  ultimately  subjected. 
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Fig.  9  -  Comparison  of  sulfur  content  of  Ste.  Genevieve  crude  oils  with  rank  (%  seam  moisture, 
mineral-matter  free)  of  Pennsylvanian  Herrin  (No.  6)  Coal  Member. 


Comparison  of  the  sulfur  contours  with  the  rank  of  the  overlying  coals  in  figure  9  shows  that 
there  is  a  general  relationship  between  the  two.     However,   it  must  again  be  noted  that  this  relation- 
ship breaks  down  on  the  eastern  side  of  the  study  area.    Although  maturation  appears  to  have  influ- 
enced the  sulfur  and  the  vanadium  contents  of  the  crudes,   it  apparently  cannot  be  used  to  explain 
the  unusually  high  concentrations  of  these  elements  in  the  crudes  of  the  lower  Wabash  area. 

One  interesting  hypothesis  for  the  basinward  change  in  the  properties  of  crudes,    proposed  by 
Weeks  (1958),   was  that  heavy  oils  may  have  formed  first.     Consequently,   these  heavy  crudes  would 
have  been  transported  farther  toward  the  basin'  s  margin  while  sediments  were  compacting  than  would 
lighter  crudes  which  formed  later.    Weeks  suggested  that  these  heavy,   more  asphaltic  crudes  were 
derived  from  complex  heavy  molecular-weight  proteins  that  contained  high  concentrations  of  sulfur, 
oxygen,   and  nitrogen.     Presumably  these  early  oils  would  have  also  contained  high  concentrations 
of  porphyrins.    A  logical  extension  of  Weeks'    hypothesis  would  explain  what  has  been  observed  in  this 
study,  because  it  is  likely  that  these  heavy  porphyrin-rich  crudes  would  have  accumulated  in  early  defori 
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tional  highs.    These  oils  could  have  accumulated  from  local  sources  or  they  may  have  been  transported 
some  distance  updip  by  the  formation  waters  which  were  moving  toward  the  basin'  s  margins.     Thus 
the  concentration  of  these  first  crudes  or  petroleum-like  substances  in  early  structures  could  have 
had  an  influence  upon  the  final  composition  of  the  crude  oils  which  were  eventually  trapped  there. 

This  extension  of  Weeks'   hypothesis  would  explain  the  unusually  high  concentrations  (in 
terms  of  basin  position  and  depth)  of  vanadium  and  sulfur  in  the  Ste.  Genevieve  crudes  and  the  un- 
usually high  concentrations  of  vanadium  in  the  Aux  Vases  and  Cypress  crudes  from  the  lower  Wabash 
area.    It  could  also  explain  the  previously  noted  local  vanadium  highs  which  were  found  in  Franklin 
and  Williamson  Counties  (fig.   6a,  b,   c) . 

Variations  in  vanadium  and  nickel  contents,   similar  to  those  discussed  above,  were  noted  by 
Bonham  (1956)  in  the  crudes  he  sampled  from  the  Boggy  Formation  of  Pennsylvanian  age  in  Oklahoma. 
He  suggested  that  "fingers  of  high  concentration"  which  extended  basinward  resembled  deltaic  pat- 
terns.    However,   these  "fingers"  do  not  appear  to  be  related  to  the  southward  trending  distributary 
patterns  of  the  sandbodies  (Busch,   1959)  in  the  Boggy  Formation  in  this  area.    It  would  also  be  dif- 
ficult to  explain  these  high  concentrations  of  nickel  and  vanadium  which  extend  to  the  east  simply  by 
postulating  an  eastward  migration  of  these  crudes.    Although  it  cannot  be  verified  in  the  literature,   it 
may  be  that  these  "fingers"  of  high  concentration  are  related  to  the  deformational  history  of  the  area. 

In  this  regard,  it  is  interesting   to   note  that  Harbaugh    (1964)   found  that  vertical   similari- 
ties in  API  gravity  of  Kansas  crude  oils  from  several  producing  formations  appeared  to  be  related  to 
structure.     He  found  that  the  residual  oil-gravity  highs  tended  to  follow  residual  structural  lows, 
which  were  computed  from  a  second-degree  trend  surface  fitted  to  structure  on  top  of  the  Mississippi- 
an  rocks  in  southeastern  Kansas.     Since  the  top  of  the  Mississippian  was  considered  to  be  peneplained 
(Lee,    1939),  the  gravity- structure  relationship  might  imply  that  structural  residual  lows  on  this  sur- 
face roughly  corresponded  to  areas  that  were  structurally  low  in  both  Mississippian  and  Pennsylvanian 
time.    This  could  well  be  the  case,   since  the  grain  of  the  structure  and  the  gravity  residuals  parallel 
the  northeasterly  trend  of  the  folding.    According  to  Lee  (1939),   northeasterly  folding  began  in  this 
area  during  Mississippian  time  and  continued  to  develop  during  Pennsylvanian  and  Permian  time. 

In  summary,  early  deformation  may  have  had  an  influence  on  the  observed  properties  of  the 
crude  oils  investigated.     In  general,   high  vanadium  concentrations  were  found  in  crudes  that  appear 
to  have  accumulated  and  to  have  remained  in  early  deformational  highs  throughout  geologic  time.    Al- 
though temperature  maturation  may  have  altered  these  crudes,   it  alone  cannot  explain  the  composi- 
tional variations  which  have  been  observed. 
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TEMPERATURE  DISTRIBUTIONS  AND  GROUND-WATER  MOVEMENT 
ASSOCIATED  WITH  OIL  FIELDS  IN  THE  FAIRFIELD  BASIN,   ILLINOIS 

Paul  C.  Heigold,    Richard  F.  Mast,    and  Keros  Cartwright 
Illinois  State  Geological  Survey,   Urbana,   Illinois 

ABSTRACT 

Maximum  recorded  temperatures  from  more  than  4,  000  electric 
logs  from  four  counties  (Hamilton,  Saline,  Gallatin,  and  White)  in  the 
Fairfield  Basin,  the  deepest  part  of  the  Illinois  Basin,  have  been  used 
to  examine  the  temperature  distribution  in  the  sedimentary  rocks  of  the 
area . 

The  temperature  data  are  erratic  because  of  two  main  factors: 
(1)  thermal  equilibrium  cannot  be  expected  to  exist  on  a  local  scale, 
and  (2)  measuring  and  recording  procedures  in  the  field  are  not  uniform. 
However,  it  is  believed  that  the  data  can  be  effectively  filtered  on  a 
regional  scale  by  means  of  least  square  temperature  hypersurfaces 
which  adequately  approximate  the  true  regional  temperature  distribu- 
tion. 

Negative  temperature  anomalies  in  regions  of  oil  accumulation 
suggest  that  the  earth's  geothermal  gradient  is  strongly  influenced  by 
the  movement  of  ground  water.  Specifically,  ground  water  discharging 
upward  from  the  deepest  part  of  the  Illinois  Basin  is  deflected  around 
oil-bearing  rocks,  thereby  causing  temperature  lows  to  exist  over  oil 
fields. 

INTRODUCTION 

The  temperature  distribution  within  the  earth  can  be  used  to  make  reasonable  inferences  about 
several  important  geologic  processes.    Washington  (1939)  listed  seven  factors  which  may  affect  the 
earth'  s  temperature  gradient: 

1 .  variations  of  thermal  conductivity  with  rock  composition, 

2.  proximity  of  molten  magma, 

3.  subterranean  water  circulation, 

4.  moisture  content  of  the  rocks, 

5.  production  or  consumption  of  heat  by  chemical  reactions, 

6.  effect  of  pressure  and  temperature  on  conductivity,   and 

7.  radioactivity. 

Birch  (1954)  pointed  out  that  the  two  main  requirements  for  regional  temperature  studies  are: 

1.  approximate  thermal  equilibrium,   and 

2.  thorough  knowledge  of  the  rocks. 

He  suggested  that  such  studies  should  be  feasible  in  areas  extensively  drilled  for  oil. 
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Van  Orstrand  (1934)  in  his  temperature  studies  of  oil  fields  noted  distinct  temperature  anomalies 
associated  with  oil  pools.     He  related  these  anomalies  chiefly  to  structure  but  also  recognized  that 
moving  ground  water  can  affect  the  flow  of  heat  within  the  earth. 

In  areas  where  volcanic  activity  is  negligible,  one  might  expect  the  major  factors  controlling 
variations  in  temperature  gradients  to  be  rock  composition  and  ground-water  movement. 

Stallman  (1963)  presented  the  basic  equation  for  the  simultaneous  transfer  of  heat  and  water 
within  the  earth  and  suggested  that  temperature  measurements  might  provide  a  means  of  measuring 
rates  of  ground-water  movement.     The  general  partial  differential  equation  for  simultaneous  non-steady 
heat  and  fluid  flow  through  an  isotropic,  homogeneous,   and  fully  saturated  porous  medium  is: 
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where  T  =  temperature  at  any  point  at  time  t 

c0  =  specific  heat  of  fluid 

Po  =  density  of  fluid 

c  =  specific  heat  of  rock-fluid  complex 

P  =  density  of  rock-fluid  complex 

k  =  thermal  conductivity  of  the  rock-fluid  complex 

vx,   Vy,   vz  =  components  of  velocity  of  fluid  flow 

x,   y,   z     =  Cartesian  coordinates 

t  =  time  since  flow  started. 

Bredehoeft  and  Papadopulos  (1965),   in  an  attempt  to  estimate  vertical  ground-water  velocity 
through  a  semiconfining  layer  overlying  an  aquifer,   modified  Stallman'  s  equation  to  treat  the  case  of 
steady  flow  of  heat  and  fluid  in  one  dimension  (vertical).     Under  these  conditions  Stallman'  s  equation 
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Fig.    1  -  Index  map  showing  four-county  study 
area  and  Fairfield  Basin. 


Cartwright  (1970)  constructed  a  regional 
isothermal  map  of  the  Illinois  Basin  at  a  depth  of 
500  feet  below  sea  level  by  interpolating  bottom- 
hole  temperatures  under  the  assumption  of  a  lin- 
ear gradient  between  the  bottom-hole  temperature 
and  the  mean  annual  temperature  at  the  surface. 
A  small  percent  of  the  available  wells  were  sys- 
tematically selected  from  wells  more  than  1,000 
feet  deep  in  order  to  give  a  rather  uniform  areal 
distribution  of  data.  Records  of  obviously  poor 
quality  were  not  considered.  This  map  was  con- 
structed to  test  the  hypothesis  that  water  flows 
upward  in  the  center  of  the  basin  and  to  deter- 
mine the  effect  of  upward  flow  on  geothermal  gra- 
dients. Subtraction  of  a  theoretical  temperature 
surface  from  the  observed  temperature  surface 
provided  a  residual  map  whose  highs  and  lows 
were  related  to  areas  of  discharge  and  recharge, 
respectively. 

This  study  is  an  attempt  to  analyze  the 
subsurface  temperature  distribution  and  ground- 
water movement  in  four  heavily  drilled  counties 
in  the  Fairfield  Basin,  Illinois  (fig.  1).  The  four 
counties  are  Hamilton,  Saline,  Gallatin,  and 
White.  For  more  than  4,000  locations,  areal  co- 
ordinates, elevation,  and  temperature  were  re- 
corded from  electric  logs.  Temperature  hyper- 
surfaces,  least  square  polynomial  approximations 


SYMPOSIUM     ON     NPC     REGION     9 


129 


of  the  true  temperature  distribution,  were  calculated  from  the  discrete  temperature  data  in  each 
county.     These  hypersurfaces  represented  the  regional  temperature  distribution. 

DATA  COLLECTION  AND  DISTRIBUTION 

All  data  used  in  this  study  were  gathered  from  electric  logs  on  file  at  the  Illinois  State  Geo- 
logical Survey.     Every  electric  log  in  the  four-county  area  was  examined  and  the  following  items 
were  recorded:     date  of  drilling,   legal  location,   total  depth,    surface  elevation,   and  maximum  recorded 
temperature.     The  latter  quantity  was  used  instead  of  bottom-hole  temperature  because  it  was  thought 
to  be  more  reliable.     Experience  has  shown  that  bottom-hole  temperature  has  often  been  poorly  recorded, 
or  worse,    summarily  given  a  token  value  of  100°F  by  the  operator. 

Date  of  drilling  was  recorded  in  order  to  determine  whether  the  regional  temperature  distribu- 
tion changed  with  time.     Undoubtedly  drilling,    subsequent  release  of  pressure  in  the  rocks,   removal 
of  oil,   and  waterflooding  change  the  thermal  equilibrium  of  a  region.     By  means  of  analyses  discussed 
later  in  this  paper  applied  to  data  from  wells  completed  during  different  time  periods,   it  was  found 
that  the  regional  temperature  distribution  in  the  study  region  was  independent  of  time.     Thus,  through- 
out the  study  area   the  simultaneous  flow  of  heat  and  ground  water  was  considered  to  be  steady-state. 

Legal  locations  were  used  to  obtain  the  areal  coordinates  of  a  well  in  question.    These  loca- 
tions were  transferred  to  x,   y  coordinates  by  assuming  the  sections  to  be  regular  (square)  and  sub- 
sequently dividing  them  into  64  equal  subsquares  (8  units  in  the  x-direction  [east-west]   and  8  units 
in  the  y-direction  [  north- south] ) .    Any  well  located  in  a  square  subdivision  was  given  the  x,  y  co- 
ordinates of  that  subdivision.     The  (x,  y)-origin  for  the  entire  study  area  was  located  at  the  southwest 
corner  of  Saline  County.     The  elevation  coordinate  (z)  was  calculated  in  feet  below  sea  level  and 
given  a  positive  sign.     Temperature  was  recorded  in  degrees  Fahrenheit. 

Temperatures  were  recorded  for  4,743  locations.     The  areal  distribution  of  these  locations  is 
shown  in  figure  2.     Naturally,   most  of  the  wells  were  located  in  areas  of  prolific  oil  production. 
This  left  voids  in  some  areas  such  as  those  south  of  the  Cottage  Grove  and  Shawneetown  Fault  Zones. 
Overall,  the  distribution  of  available  data  was  considered  adequate  for  this  study. 

REGRESSION  DATA 

Basic  linear  regression  parameters  were  calculated  for  temperature  as  a  function  of  elevation, 
T  =  f  (z),  for  the  entire  study  area.  Temperature,  T,  is  in  degrees  Fahrenheit  and  elevation,  z,  is  in 
feet  relative  to  mean  sea  level.     Regression  parameters  include  number  of  datum  points,    N,   mean  and 


standard  deviation  of  temperature,  p     and  a^ 


mean  and  standard  deviation  of  elevation,    p     and    o 


correlation  coefficient,   r,    slope,   b,   and  temperature  intercept,    a,   of  the  regression  line: 

T=a  +  bz  . 

The  slope,   b,  of  the  regression  line  is  a  representative  vertical  thermal  gradient  for  the  study  area. 
Its  units  are  degrees  Fahrenheit  per  foot.     Table  1  shows  the  values  of  the  calculated  regression 
parameters. 


TABLE 

1  -  LINEAR  REGRESSION 

DATA  FOR  TEMPERATURE 

AS 

A  FUNCTION 

OF  ELEVATION 

( ENTIRE 

STUDY 

AREA) 

N  = 

UT^+3 

°T 

=  10 

.53102 

Hz  = 

-21+90. 07788 

r 

=   - 

.31785 

MT  = 

98.J+2209 

b 

=   - 

.00805 

a  = 
z 

1+15. 85693 

a 

=  78 

.37903 
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Fig.  2  -  Areal  distribution  of  temperature  data. 
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The  small  magnitude  of  the  correlation  coefficient,   r,   can  be  attributed  to  several  factors: 
inherent  errors  in  measurement  and  recording  of  data,   lack  of  thermal  equilibrium  in  the  wells  at  the 
time  temperature  was  taken,   and  deviations  from  a  constant  vertical  thermal  gradient  over  the  study 
area  owing  to  thermal  conductivity  contrasts  of  the  rocks  and  ground-water  movement. 

McGinnis  (1968)  determined  a  vertical  thermal  gradient  of  -.0107  degrees  Fahrenheit  per  foot 
for  the  Illinois  Basin  on  the  basis  of  electric  log  data  from  a  representative  sampling  of  wells.    The 
fact  that  the  vertical  thermal  gradient  in  the  study,  -.00805,  is  less  in  absolute  value  than  that  spec- 
ified by  McGinnis  could  indicate  that  temperature  data  were  taken  in  rocks  having  a  large  vertical 
component  of  thermal  conductivity  and/or  an  upward  component  of  ground-water  velocity. 

TEMPERATURE  HYPERSURFACES 

In  order  to  analyze  the  discrete  temperature  data  from  a  regional  point  of  view,   a  continuous 
function,  T*(x,  y,  z),   termed  a  hypersurface,  was  determined  from  the  data  for  each  county.    This 
function  served  the  dual  purpose  of  approximating  the  true  temperature  function,  T(x,  y,z),   and  filter- 
ing the  rather  unclean  discrete  temperature  data,     T(x^,yi,Zi):  i  =  1,  2,    ...,N  ,   where  N  is  the  number 
of  data  points  in  a  specified  region. 

The  hypersurface,  T*(x,  y,  z),  has  the  form  of  a  power  series  in  x,  y,   and  z: 

T*U,y,z)  =  a1  +  a2x+a3y+a4Z  +  a5x2+a6y2+a7z2+..., 

where  the  order  (and  therefore  the  number  of  terms)  is  arbitrary.     In  this  study,   hypersurfaces  were 
limited  to  the  third  order  (20  terms).     This  order  was  chosen  for  two  reasons:     First,   it  provided  an 
approximation  of  the  regional  temperature  distribution  for  subsequent  analyses,   and  second,   it  was 
well  within  the  upper  limits  of  available  computer  storage. 

A  temperature  residual  at  a  point  (x^,y^,z\)  is  calculated  as  the  difference  between  the  observed 
temperature  and  the  theoretical  temperature.     This  relationship  may  be  written  as  follows: 

(dT)i=T(xi,yi,zi)-T*(xi,yi,Zi). 

The  hypersurface,   T*(x,y,z),   is  determined  subject  to  Gauss'   principle  of  least  squares: 

N 
AT=£(dT):       =minimum. 

i=l         ' 
A  necessary  condition  for  AT  to  be  minimum  is  given  by 

Hf  =  °.      I-W 

where  n  is  the  number  of  terms  in  the  hypersurface.     These  conditions  provide  n  linear  equations  in 

n  unknowns.    The  unknowns  are  the  coefficients,  aj,   j=l,  2,  3,  . .  .,  n.    The  solution  of  these  equations 

defines  the  hypersurface. 

The  number  of  terms  in  a  hypersurface  with  three  independent  variables  of  order  p  is  given  by 

(p+l)(p+2np+3) 
n • 

In  order  to  examine  the  lateral  temperature  distribution  of  the  study  area  at  depth,  the  hyper- 
surface determined  for  each  county  was  evaluated  at  the  mean  elevation  of  the  temperature  data  for 
that  county  (figs.  3,  4,   5,   and  6).     The  mean  elevation  was  chosen  because  the  hypersurface  was 
thought  to  be  most  reliable  at  that  elevation.     In  addition,   a  composite  lateral  temperature-distribu- 
tion map  for  the  entire  study  was  made  by  evaluating  the  hypersurfaces  for  each  of  the  four  counties 
at  the  mean  elevation  of  all  the  temperature  data  in  the  study  area  (fig.  7).     The  four  temperature 
surfaces  generated  in  the  latter  manner  did  not  fit  together  perfectly  at  the  county  boundaries  because 
they  were  determined  from  discrete  sets  of  data.     However,  the  isogeotherms  could  be  carried  across 
the  county  boundaries  without  very  much  difficulty. 

When  the  lateral  temperature  distribution  maps  (figs.  3,   4,   5,  6,   7)  are  compared  with  the  struc- 
ture map  at  the  base  of  the  Mississippian  Beech  Creek  Formation  (Bristol,   1968)   (fig.  8)  and  the  oil  pro- 
duction map  (Howard,    1967)   (fig.  9)  covering  the  study  area,    some  striking  correlations  are  apparent. 
In  Hamilton  County  the  trend  of  the  temperature  surface  closely  approximates  the  main  structural 
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Fig.  7  -  Lateral  temperature  distribution  in  the  study  area.     Mean  elevation  of  temperature  data 
2,490  feet  below  sea  level.    Temperatures  are  in  degrees  Fahrenheit. 


fabric  of  the  area.     The  structural  high  associated  with  the  Dale  Consolidated  oil  field  in  southern 
Hamilton  County  appears  as  a  temperature  low.     The  structurally  low  areas  off  the  flanks  of  the  Dale 
structure  appear  as  temperature  highs.     In  Saline  County,   where  the  hypersurface  was  calculated 
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Fig.  8  -  Structure  of  the  base  of  the  Mississippian  Beech  Creek  (Barlow)  Limestone  in  the  study  area 
(After  Bristol,    1968.) 

from  data  mainly  north  of  the  Cottage  Grove  Fault  Zone,   similar,  but  perhaps  not  quite  as  strong,   cor- 
relations are  evident.     In  Gallatin  County,   where  temperature  data  south  of  the  Cottage  Grove  and 
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Fig.  9  -  Oil  production  in  the  study  area.     (After  Howard,    1967, 


Shawneetown-Rough  Creek  Fault  Zones  were  almost  nonexistent,   there  is  a  definite  tendency  toward 
lower  temperatures  on  the  north  side  of  the  Shawneetown-Rough  Creek  Fault  Zone.     Along  the  west 
side  of  Gallatin  County  the  contours  closely  follow  the  trend  of  faulting  in  the  Wabash  River  Fault 
Zone.     The  significance  of  higher  temperatures  to  the  west  is  not  clear  at  this  time.    Another  note- 
worthy feature  of  the  temperature  surface  in  Gallatin  County  is  the  relative  temperature  high  nosing 
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southwestward  from  T.  7  S.,   R.  9  E.t   to  T.   8  S.,    R.   10  E.     This  anomaly  occurs  in  a  structurally 
low  area  in  the  Wabash  River  Fault  Zone  where  little  major  faulting  has  taken  place.    The  White 
County  temperature  surface  (fig.  6)  also  has  a  trend  that  closely  approximates  the  structural  fabric  of 
the  area.    To  the  northwest  temperatures  tend  to  be  higher  where  the  rocks  are  structurally  low.    On 
the  east  side  of  the  county,  where  structural  elevations  are  higher,  temperatures  are  lower.     Prolific 
oil  production  is  also  found  in  this  area  in  the  New  Harmony  Consolidated  and  numerous  other  south- 
westward-trending  oil  fields.    Similarly,  temperatures  in  the  southwestern  portion  of  this  county  tend 
to  be  low  where  large  oil  fields  such  as  Roland  Consolidated  are  located. 

In  general,   the  lateral  temperature  distributions  at  depth  have  the  same  trend  as  the  structural 
fabric  of  the  study  area.     Further,   areas  that  are  structurally  high  where  large  oil  fields  are  located 
are  cooler  than  structurally  low  areas.     It  is  difficult  to  explain  this  phenomenon  solely  in  terms  of 
structure  because  thick  carbonate  rocks,  which  have  high  thermal  conductivities,  are  concentrated 
near  the  bottom  of  the  sedimentary  column  in  the  study  area.     Given  this  situation,  one  would  expect 
temperatures  to  be  higher  over  structural  highs  than  over  structural  lows  at  a  particular  elevation. 
Also,   the  fact  that  strata  are  sloping  upward  toward  the  structurally  high  areas  would  tend  to  concen- 
trate heat  in  these  areas  since  heat  would  tend  to  flow  parallel  to  the  dipping  strata  (Van  Orstrand, 
1934). 

Heiland  (1940)  gave  the  following  representative  values  of  thermal  conductivity  in 
cal/cm  sec  °C: 


petroleum 

0.3  x  10-3 

water 

1.4  x  10-3 

sand 

2.5  x  10"3  (dry) 

6.0  x  10-3  (wet) 

clay 

2.5  x  10"3  (dry) 

3.5  x  10"3  (wet) 

limestone 

5.2  x  10"3 

granite  7.6  x  10-3  f 

Most  of  the  sedimentary  formations  away  from  the  faulted  regions  are  laterally  continuous 
and  are  of  the  same  composition  except  for  facies  changes.    Obviously,   these  facies  changes  are 
responsible  for  some  of  the  changes  in  thermal  gradient  from  place  to  place  and  therefore  for  some  of 
the  lateral  variations  in  temperature.    Also  important  in  this  respect  are  fluids  filling  the  interstices 
of  the  rocks.    As  Heiland'  s  values  show,  the  thermal  conductivity  of  some  rocks  changes  appreciably 
when  fluid  is  present.     Several  authors  (Connaughton  and  Crawford,    1970,   and  Prasad  and  Thomas, 
1970)  have  assigned  to  oil-saturated  rocks  thermal  conductivities  that  are  slightly  less  than  those 
reported  for  similar  types  of  rocks  that  are  water-saturated.    Therefore,   in  a  region  where  the  steady- 
state  flow  of  heat  is  toward  the  earth'  s  surface  from  below,   isogeotherms  will  be  compressed  at  the 
oil  reservoir  and  temperatures  at  the  oil  reservoir  will  be  lower  than  those  around  the  reservoir  at 
comparable  elevations. 

Perhaps  the  most  important  factor  influencing  the  temperature  distribution  in  sedimentary  rocks 
is  ground-water  movement.    Very  little  is  known  about  actual  head  relationships  in  various  formations 
in  the  Illinois  Basin.    Therefore  our  understanding  of  long-term  circulation  of  ground-water  at  depth 
is  uncertain  (Bredehoeft  et  al.,    1963).     If  a  static  ground-water  condition  exists  in  the  study  area,  then 
the  situation  is  essentially  as  described  in  the  previous  paragraph.    However,   if  ground  water  is 
flowing  in  the  study  area,  the  isogeotherms  will  also  be  distorted  by  convection.    Since  very  large 
fluid-potential  gradients  would  be  required  to  force  the  non-wetting  phase  oil  into  the  cap  rock  and 
since  the  oil  reservoir  rocks,   in  which  the  pores  are  highly  saturated  with  oil,   are  practically  im- 
permeable to  water  (Pirson,    1958),  oil  pools  should  act  as  aquitards  and  divert  the  upward  flowing 
water  around  them. 

GROUND- WATER  VELOCITIES 

To  ascertain  the  vertical  direction  of  ground-water  movement  in  the  study  area,   Stallman'  s 
partial  differential  equation  describing  simultaneous  flow  of  heat  and  fluid  through  an  isotropic,   homo- 
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geneous  medium  can  be  considered.    Assuming  steady-state  conditions  and  considering  just  those 
parts  of  the  equation  relating  to  the  vertical  components  of  heat  and  fluid  flow,   the  equation  reduces  to 


bz2 


cofovz  5" 
k  dz "  U' 


R  5E 


R6  E 


R7E 


Since  argillaceous  rocks  in  the  study  area  ultimately  control  vertical  ground-water  movement,  the 
thermal  conductivity,   k,   can  be  assigned  a  value  appropriate  to  this  type  of  rock-fluid  complex, 
4  x  10~3  cal/cm  sec  °C.     This  value  is  of  the  same  order  of  magnitude  as  given  by  Birch,   Schairer, 
and  Spicer  (194  2).    A  continuous  three-dimensional  temperature  function  describing  the  temperature 
distribution  has  been  determined  —  the  hypersurface.     With  this  information  the  vertical  component 
of  ground- water  velocity  can  be  calculated  at  any  point  in  the  study  area.    As  an  example,   the  data 
from  Hamilton  County  were  used.     For  the  same  reasons  that  the  temperature  hypersurfaces  were 
evaluated  in  mean  elevation  planes  to  study  the  lateral  temperature  distribution,  it  was  considered 
appropriate  to  evaluate  the  Stallman  equation  in  the  mean  elevation  plane  in  Hamilton  County  to  study 
the  lateral  distribution  of  vertical  ground-water  velocity. 

The  vertical  components  of  ground-water 
velocity  in  Hamilton  County  (fig.   10)  show  that 
in  the  structurally  low  areas  to  the  north,  where 
warmer  temperatures  occur,  ground-water  move- 
ment is  upward.     In  the  structurally  high  areas 
to  the  south  around  the  large  Dale  Consolidated 
oil  field,  where  cooler  temperatures  were  found, 
the  movement  of  ground  water  is  downward. 
Since  a  homogeneous  medium  was  assumed  in 
obtaining  this  velocity  distribution,   these  re- 
sults must  be  somewhat  modified.    Away  from 
the  areas  of  oil  accumulation,   the  vertical  com- 
ponents of  ground-water  velocity  should  be 
reasonably  accurate  in  magnitude  and  direction; 
however,   where  oil  is  present,   there  should  be 
no  vertical  component  of  ground-water  velocity. 


STEADY-STATE  MODEL 

Consider  the  following  basic  hypothesis: 
in  a  system  where  steady- state  ground-water  and 
heat  flow  have  generally  upward  vertical  com- 
ponents,  temperature  lows  will  occur  at  large 
oil  accumulations.     To  test  this  hypothesis  a 
two-dimensional  model  was  constructed. 

From  Darcy'  s  law  the  component  of 
ground-water  velocity  in  the  x-direction  (hori- 
zontal) can  be  written 

*  dx 


Fig.    10  -  Vertical  component  of  ground-water 
velocity  in  Hamilton  County.     Eval- 
uated at  the  mean  elevation  plane 
2,  828  feet  below  sea  level. 


where  P  =  hydraulic  conductivity 

4>  =  hydraulic  potential. 
A  similar  expression  can  be  written  for  the  vertical  component  of  ground-water  velocity  in  the  z- 
direction. 

The  equation  for  steady-state  simultaneous  heat  and  fluid  flow  in  a  medium  where  thermal 
conductivity  is  homogeneous  and  isotropic  and  hydraulic  conductivity  is  nonhomogeneous  and  iso- 
tropic can  be  expressed  as 


dx2     dz2        k 


TP 


L    ax 


dz 


=  0. 
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Since  the  thermal  conductivity  of  an  oil  reservoir  is  not  appreciably  different  from  that  of 
similar  surrounding  water- saturated  rocks,    the  above  equation,   along  with  appropriate  boundary  con- 
ditions, was  used  to  describe  heat  and  fluid  flow  in  the  system.    The  solution,   arrived  at  by  using 
finite  difference  techniques,   proved  the  above  hypothesis  to  be  valid. 

CONCLUSIONS 

Erratic  temperature  data  gathered  from  electric  logs  can  be  effectively  filtered  on  a  regional 
scale  through  the  use  of  least  square  hypersurfaces.     Moreover,   from  the  temperature  distribution 
and  knowledge  of  the  composition  of  the  rocks,   ground-water  flow  patterns  can  be  determined  from 
equations  relating  the  simultaneous  flow  of  heat  and  fluid.    In  this  study,   specifically,   the  negative 
temperature  anomalies  in  regions  of  oil  accumulation  suggest  that  ground  water  discharging  upward 
from  the  deep  part  of  the  Fairfield  Basin  is  deflected  around  oil-bearing  rocks  (because  of  their  low 
water  conductivity)  and  thereby  causes  high  temperatures  to  exist  aVound  oil  fields.    This  hypothesis 
is  in  agreement  with  the  idealized  movement  of  ground  water  in  the  Illinois  Basin  proposed  by  Brede- 
hoeft  et  al.   (1963)  in  their  work  concerning  a  possible  mechanism  for  concentration  of  brines  in  sub- 
surface formations.    In  general,  water  recharging  the  aquifers  in  the  outcrop  areas  flows  toward  the 
center  of  the  basin  in  the  direction  of  lowest  hydrostatic  head.     The  difference  in  hydrostatic  head 
between  water  levels  at  the  periphery  of  the  basin  and  the  water  table  at  the  center  of  the  basin 
ranges  from  100  feet  to  more  than  500  feet.     Because  an  upward  gradient  exists  between  the  land 
surface  and  aquifers  underlying  the  basin,   the  water  must  move  not  only  basinward  but  upward  through 
the  relatively  impermeable  rock  layers  between  aquifers. 

The  idea  of  using  hypersurfaces  to  represent  temperature  distributions  needs  further  refinement. 
There  is  a  definite  need  to  handle  large  samples  of  temperature  data  with  high  order  hypersurfaces  in 
order  to  accurately  represent  complicated  temperature  distributions.     This  is  primarily  a  digital  com- 
puter storage  problem. 

This  study  can  be  considered  as  a  guide  for  future  detailed  studies.    The  ultimate  objective 
of  future  studies  would  be  to  construct  a  three-dimensional  model  describing  the  temperature  and 
ground-water  potential  distributions  of  a  system  in  detail.    In  addition  to  an  adequate  hypersurface 
representation  of  the  temperature  distribution,   knowledge  of  the  thermal  and  hydraulic  conductivities 
of  the  rocks  must  be  of  sufficient  detail  to  accurately  describe  the  non-homogeneity  and  the  anisotropy 
in  the  system.    The  most  general  equations  relating  the  simultaneous  flow  of  heat  and  ground  water 
and  the  accompanying  boundary  conditions  can  be  solved  through  numerical  techniques  with  the  aid 
of  a  high-speed  digital  computer. 
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ORGANIC  CONTENT  OF  CAMBRO-ORDOVICIAN  ROCKS  IN  REGION  9 

D.  L.  Stevenson 
Illinois  State  Geological  Survey,   Urbana,   Illinois 

Geochemical  investigations  carried  out  at  the  Illinois  State  Geological  Survey  have  concen- 
trated on  organic  carbon  content  of  dark  shales.  Shales  with  an  organic  carbon  content  of  0.5  per- 
cent or  more  have  been  considered  likely  petroleum  source  rocks.  Studies  of  the  New  Albany  Shale 
indicate  an  average  organic  carbon  content  of  a  little  more  than  4.0  percent. 

The  Ordovician  Maquoketa  Shale  contains  considerably  smaller  amounts  of  organic  carbon. 
It  has  an  average  content  of  about  1.5  percent  organic  carbon. 

The  shales  of  the  Cambrian  Eau  Claire  Formation  contain  even  less  organic  carbon  on  the 
average  than  the  Maquoketa  Shale.     Those  in  the  northern  part  of  the  Illinois  Basin  and  those  along 
the  western  shelf  have  from  0. 15  percent  to  0.4  percent  organic  carbon.    However,  the  Texaco  No.   1 
Cuppy  in  Hamilton  County,   in  the  deepest  part  of  the  basin,   produced  some  Eau  Claire  shale  cuttings 
with  1.5  percent  organic  carbon.     Rocks  of  similar  age  in  Lake  County,   Tennessee  (Bonneterre),  con- 
tained 0.4  to  0.5  percent.    These  percentages  give  some  indication  that  the  Eau  Claire  may  be  most 
carbonaceous  in  the  deep  part  of  the  Illinois  Basin. 

The  Cambro-Ordovician  carbonates  have  been  examined  to  a  lesser  extent  than  the  shales. 
The  Knox  Dolomite  in  the  Cuppy  well  contained  as  much  as  0.85  percent  organic  carbon,   although 
most  samples  ranged  around  0.25  percent.     The  Superior  No.   17  Ford  well  in  White  County  supplied 
Knox  samples  averaging  0.2  2  percent. 

Benzene  extraction  of  Knox  Dolomite  from  the  Cuppy  well  yielded  a  little  more  than  40  ppm 
organic  material.    If  this  figure  is  typical  of  the  Knox  in  the  Illinois  Basin,  it  means  that  at  least 
50  to  60  billion  barrels  of  hydrocarbons  are  dispersed  throughout  the  megagroup.    If  only  as  little 
as  2  percent  of  this  amount  were  trapped  in  reservoir  rocks,   it  would  amount  to  a  billion  or  more 
barrels  of  oil. 

One  thing  that  seems  certain  is  that  a  great  volume  of  the  Cambro-Ordovician  rocks  in  Region 
9  contain  organic  carbon  in  the  form  of  hydrocarbons  in  an  abundance  that  qualifies  them  as  potential 
petroleum  source  rocks. 


NOTE: 

This  discussion  by  Stevenson  and  the  following  contribution  byBostick  and  Dam- 
berger(p.  142-151)  were  prepared  in  advance  and  were  presented  during  the  round 
table  discussion  March  12.  The  discussion  by  Wilson,  p.  152,  is  an  abridge- 
ment of  extemporaneous  remarks  made  during  the  round  table  discussions. 
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THE  CARBON  RATIO  RULE  AND  PETROLEUM  POTENTIAL  IN  NPC  REGION  9 

N.  H.  Bostick  and  H.  H.  Damberger 
Illinois  State  Geological  Survey 

ABSTRACT 

David  White'  s  carbon  ratio  rule  relating  coal  rank  and  oil 
occurrence  is  still  applicable,  though  temperature  and  durationof  el- 
evated temperature  are  now  considered  to  be  the  determining  factors 
in  coal  maturation,   not  pressure  or  thrusting  as  White  thought. 

Actual  coal  seams  are  no  longer  required  to  determine  rank, 
for  grains  of  dispersed  coaly  material,  which  can  be  recovered  from 
most  samples  of  sedimentary  rock,  can  be  analyzed  by  optical  meth- 
ods. 

The  main  phase  of  organic  alteration  that  results  in  the  for- 
mation of  oil  and  wet  gas  occurs  in  rocks  in  which  any  coal  or  coaly 
grains  have  reached  subbituminous  and  high-volatile  bituminous  ranks 
(ASTM  classification).  Dry  gas  is  formed  mainly  during  the  higher 
coalification  stages  from  coal  and  dispersed  coaly  material. 

The  carbon  ratio  rule  cannot  be  applied  easily  throughout  Re- 
gion 9  because  there  is  a  lack  of  data  over  broad  areas  and  coalifi- 
cation trends  must  be  extrapolated.  One  interpretation  of  the  coali- 
fication pattern  in  Region  9  leads  to  postulation  of  a  geothermal  high 
in  the  western  half  of  the  Mississippi  Embayment  area,  in  southern 
Illinois,  and  in  the  eastern  portions  of  the  Arkoma  Basin  and  Ouachita 
Mountains  of  Arkansas.  The  coalification  pattern  needs  to  be  delin- 
eated more  accurately  where  coal  seams  are  absent  by  using  modern 
techniques  of  rank  determination  on  finely  dispersed  coaly  material. 

CARBON  RATIO  RULE 

David  White  (1915),  in  his  presidential  address  to  the  Washington  Academy  of  Sciences  on 
January  14,   1915,   presented  data  from  the  eastern  half  of  the  United  States  which  showed  a  close 
relationship  between  rank  of  coal  and  the  distribution  and  maturity  of  petroleum.    His  main  observa- 
tions  were: 

(1)  In  the  Appalachian  oil  field,   oil  pools  are  restricted  to  areas  where  coals  have  a  carbon 
ratio  (fixed  carbon  percentage  of  coal  calculated  on  a  moisture-ash-sulfur-free  basis)  of  about  65 
or  less.    Gas  pools  occur  in  areas  in  which  coals  have  a  carbon  ratio  up  to  70. 

(2)  The  higher  the  coal  rank*  the  lighter  the  associated  oil  tends  to  be.    The  lightest  oils  of 
the  Appalachian  oil  field,  with  gravities  of  around  50°  API,   are  found  along  the  eastern  margin  of  the 

*In  this  paper  the  term  "rank"  is  used  as  a  general  designation  for  degree  of  coalification,  whether 
measured  by  fixed  carbon  content,   calorific  value,  or  reflectance. 
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field,   where  the  carbon  ratios  are  high.    Where  coals  are  only  of  lignitic  rank  (e.g.,   the  coastal 
plain  of  Texas  and  Louisiana),   the  oil  gravities  tend  to  fall  in  the  range  of  17°  to  24°. 

David  White  also  explained  his  findings.     He  related  differences  in  regional  metamorphism 
of  organic  matter  to  differences  in  thrust  pressure  during  the  Appalachian  Revolution.     It  has  been 
shown  since,  both  by  experiments  and  by  field  observations,   that  elevated  temperature  and  length  of 
exposure  to  elevated  temperatures,   rather  than  pressure,   are  the  determinant  factors  of  coal  rank  in- 
crease (seep.   146).  Though  White's  explanation  is  not  generally  accepted,  the  rule  relating  carbon 
ratio  of  coal  to  petroleum  occurrence  has  been  confirmed  many  times  in  different  oil  provinces.    Dry 
gas  must  be  considered  separately  as  will  be  shown. 

COAL  SEAMS  NO  LONGER  REQUIRED  TO  MEASURE  RANK 

David  White  used  samples  from  coal  seams  to  determine  rank  but  he  realized  (1935,   p.   617) 
that  "a  method  is  needed  for  reliable  determination  of  the  stages  of  carbonization  of  carbonaceous 
shales  and  other  rocks  of  very  low  organic  content,   the  results  to  correspond  to  or  to  be  calibrated 
in  terms  of  fixed  carbon  of  coals.    Obviously,    such  a  method  is  greatly  to  be  desired  in  exploring 
new  regions  where  coals  are  not  available."    Such  methods  have  since  been  developed;  for  example, 
M.  and  R.  Teichmuller  (1952,   1958)  used  as  rank  indicators  vitrain  layers  picked  from  sandstones 
and  shales.     In  most  cases  not  enough  vitrain  could  be  collected  for  chemical  analysis  and  rank  was 
determined  by  measuring  the  reflectance  of  polished  vitrain  surfaces. 

The  techniques  of  separating  coalified  plant  fragments  from  almost  any  kind  of  sedimentary 
rock  have  been  greatly  refined  in  recent  years.     The  organic  material  in  sedimentary  rocks  consists 
of  material  that  can  be  dissolved  with  organic  solvents  (extractable  matter,  or  bitumen),   and  insoluble 
sand-   or   silt-size   grains  that  normally  make  up  the  greatest  part  of  the  total  organic  matter.    The 
organic  grains  are  coalified  plant  fragments,   called  phytoclasts  (Bostick,    1970),   plus  an  admixture 
of  structureless,   perhaps  amorphous,   material  in  unusual  sapropelic  sediments  such  as  oil  shale. 
Phytoclasts  make  up  0.5  to  2  percent  of  common  shale  and  0.01  to  0.5  percent  of  sandstone  or  lime- 
stone.    Phytoclasts  can  be  separated  from  sedimentary  rocks  to  permit  rank  measurement  by  micro- 
scope techniques. 

Palynologists  have  been  responsible  for  developing  many  of  the  techniques  of  evaluating  rank 
of  dispersed  grains.     Correia  (1967)  related  the  color  and  preservation  state  of  Paleozoic  palynomorphs 
to  the  occurrence  of  oil  and  gas  in  the  Sahara.     Staplin  (1969)  used  criteria  similar  to  those  of  Correia 
but  included  the  study  of  other  plant  fragments.     Gutjahr  (1966)  measured  electronically  the  light  trans- 
mittance  of  spores  to  determine  rank.    Other  palynologists  and  petrologists  in  the  petroleum  industry 
use  the  reflectance  of  vitrinitic  phytoclast  grains  as  a  rank  parameter  (Castano  and  Sparks,    1970; 
Lopatin,    1969a).    Studies  of  this  type  have  been  made  in  the  United  States,    Canada,   the  U.  S.  S.  R. , 
Germany,   and  other  countries.    All  of  these  techniques  can  be  considered  as  extensions  of  the  basic 
method  of  determining  coal  carbon  ratio  used  by  David  White  almost  60  years  ago. 

FORMATION  OF  OIL  AND  GAS  DURING  BURIAL 

The  results  of  studies  relating  hydrocarbon  occurrence  to  rank  of  associated  coaly  matter  in 
various  oil  provinces  are  tabulated  in  table  1 .    Workers  who  have  studied  various  geologic  areas 
have  reached  similar  conclusions. 

Oil  and  associated  gas  form  mainly  in  rocks  in  which  coaly  material  has  reached  subbituminous 
or  high-volatile  bituminous  rank    (ASTM  classification).    On  figure  1  gas  that  forms  in  association 
with  oil,   presumably  from  the  same  source  material,   is  distinguished  from  gas  that  forms  as  a  result 
of  greater  organic  metamorphism  from  coal  and  small  coal  grains.    This  latter  gas  is  almost  entirely 
methane  (dry  gas)  and  is  produced  in  large  quantity,   especially  in  the  metamorphic  stages  in  which 
medium-volatile  bituminous  coal  and  anthracite  occur   (fig.  1).     Therefore,    at  about  the  point  in 
organic  metamorphism  beyond  which  (or  below  which,   in  a  basin)  petroleum  is  sparse,  dry  gas  is 
generated  from  the  large  total  amount  of  dispersed  coaly  material  or  from  actual  coal  seams.    The 
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TABLE  1  -  COALIFICATION  STAGES  BASED  ON  VARIOUS  PARAMETERS  OF  RANK  (LEFT)  CORRELATED  WITH 


Refl. 
%  R  oil 


Fixed 

carbon 

% 


Btu/lb 
(moist, 
mineral- 
matter 
free) 


ASTM 

coal 

classes 

and  groups 


Internat. 

coal 
classes 


White, 
1915 
Eastern 
United 
States 


Staplin, 

1969 

Canadian 

Great 

Plains 


Correia, 

1967 

Sahara, 

Paleozoic 


Fuller, 

1919 

North  Texas, 

Paleozoic 


0.3 


0.4 


0.5 


0.6 


0.7 


0.9 


—  1.0 


50 


55 


60 


65 


•70 


■8,300 


•9,500 


—  11,000 


-13,000 


14,000 


2.0 


•90- 


Lignite 


Medium- 
volatile 


Low- 
volatile 


Semi- 
anthracite 


Anthracite 


13 


12 


Commercial 


oil 


fields 


Oil 


deadline 


No 

commercial 

oil 

fields; 

gas  fields 

may  occur 


Wet 


Oil 


deposits 


dry 


hydro- 


carbons 


Gas 
and 
shows 
of 
oil 


Dry 


gas 


Gas 


Dry 

gas 

or 

barren 


Hydro- 


carbon 


•—  3.0 


Principal 

oil 

fields 


Principal 
fields  of 
light  oil 
and  gas 


Rare  high- 
gravity  oil; 
common  gas 
fields 


Usually 
no 

commercial 
production 


No  oil  or 
gas,   with 

rare 
exceptions 


The  ASTM  coal  classification  depends  on  btu/pound,   fixed  carbon,   and  caking  properties.    The  correlation  with 
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Fuller, 
1920 
Oklahoma, 
Carbonif- 
erous 

(Relative 
chance  of 
finding  oil) 


Rodionova, 

1967 

North 

Caspian 

Basin, 

Paleozoic 


Vassoevich  et  al. , 

1967 

Review  of  world  picture 


Lilley, 
1924 

Eastern 

U.S.  and 

Midcontinent, 

Pennsylvanian 


Vassoevich 

et  al. , 

1969 

Review  of 

world  picture 


Russell, 
1925 

Kentucky, 
Carbon- 
iferous 


M.  Teich- 
muller, 
1958 
Northwest 
Germany, 
Mesozoic, 
Paleozoic 


Ammosov, 

1961 

(Intl.  Geol. 

Review, 

1962) 

Ural-Volga 

and 

North 

Caucasus 

Districts 


Occasional  dry  gas 


Napthene-methane  oil; 
wet  gas 


100 


Main 

forma  tio 

of 

bitum- 

inoids 


Methane  oil  increases  over 
napthene;    more  solid  par- 
affins and  light  aromatics; 
wet  gas 


Mixed  base 
below  35  ° 


Mixed 

base 

35-40° 


Methane 

formation 

in  early 

catagenesis 


Nearly  all 

oil-gas 
production 


Oil 
fields 

in 

lower 

Saxony 


Paraffin 

base 

above 

40° 


Oil 

formation 

(plus 

gas) 


Most 
gas 
pools 


Gas 

only 


Highly  paraffinic  oil,    rich  in 
normal  alkanes 


Lowest 
limit  of 
commercial 
gas 


Late 

catagenetic 

methane 


Major 

oil 
fields 


Minor  oil 

fields,   but 

of  high 

quality 


Rare 

oil 
occur- 
rences 


reflectance  is  not  standard;  that  shown  is  from  Hacquebard  and  Donaldson,    1970. 
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Fig.   1  -  The  formation  of  oil  and  gas  from  bitu- 
minous and  coaly  material  with  increas- 
ing burial  metamorphism.    ASTM  rank 
stages  are  plotted  approximately  on  a 
linear  depth  scale,   based  on  published 
coalification  studies  of  rank  gradients 
in  various  regions. 


giant  Groningen  gas  field  in  Holland  apparently 
owes  its  existence  to  the  formation  of  such  dry 
gas  from  coaly  matter  in  Carboniferous  strata 
that  were  buried  to  great  depth  during  the  Terti- 
ary (Patijn,   1964). 


DETERMINING  FACTORS  IN 
COAL  METAMORPHISM 

The  reactions  in  coal  during  metamor- 
phism are  complex,   but  beyond  the  earlier  stages 
of  coalification  they  apparently  proceed  mainly 
under  the  influence  of  elevated  temperature  and 
duration  of  exposure  to  such  temperature  (Bos- 
tick,    1970,   p.   100-107;  Damberger,    1968;  Kon- 
torovich,    Parparova,   and  Trushkov,    1967;  M. 
and  R.  Teichmuller,    1968a,    1968b;  and  Vlasov, 
Korzhenevskaya  and  Stseninskaya,    1968).     There- 
fore,  in  most  cases,   rock  temperature  increase 
with  deep  burial  is  the  main  determinant  for 
metamorphism  of  coaly  matter  in  sediments,   but 
it  should  be  kept  in  mind  that  the  temperature 
gradient  has  a  wide  range  and  the  use  of  a 
"normal"  gradient  can  be  very  misleading  in 
the  study  of  a  particular  site:     in  Pecos  County, 
Texas,   the  geothermal  gradient  is  about  0.6°  F 
/100  ft  (1.1°  C/100  m);  on  the  Mississippi  delta, 
1.2°  F/100  ft  (2.1°  C/100  m);  and  in  much  of 
eastern  Texas,   2.2°  F/100  ft  (4.0°  C/100  m) 
(Moses,    1961) .    The  duration  of  burial  at  ele- 


vated temperature  also  influences  the  stage  of  metamorphism  of  coaly  matter;  the  relation  is  imper- 
fectly known,  but  metamorphism  during  100  million  years  at  one  temperature  is  roughly  equivalent 
to  metamorphism  at  20°  C  higher  temperature  during  only  a  few  million  years  (Karweil,    1956;  Lopatin, 
1969b). 


APPLICATION  OF  CARBON  RATIO  RULE  IN  NPC  REGION  9 


In  Region  9  coal-rank  data  are  available  only  from  the  Illinois  Basin,    and  our  information  so  far 
is  based  on  the  analysis  of  coal  samples  (Damberger,    1971).     For  most  of  Region  9  we  now  have  to 
depend  on  extrapolation  from  data  in  adjacent  areas.    We  could  greatly  expand  our  knowledge  of  the  coali- 
fication pattern  by  studying  the  rank  of  phytoclasts  in  the  strata  in  this  Region  that  do  not  contain  coal. 

Figure  2  is  essentially  the  same  map  as  the  one  David  White  used  in  1915  to  demonstrate  the 
carbon  ratio  rule.     Simplified  outlines  of  the  areas  with  oil  and  gas  fields  are  taken  from  the  map 
"Oil  and  Gas  Fields  of  the  United  States"  (U.  S.  Geological  Survey,  1955).     The  70  percent  fixed 
carbon  line  is  derived  from  a  number  of  sources  but  is  basically  the  same  as  that  in  White'  s  1915 
map,   except  for  the  dashed  portion  in  and  around  the  Mississippi  Embayment  area. 

The  70  percent  fixed  carbon  line  in  Paleozoic  strata  should  be  considered  as  the  limit  of  a 
7  0  percent  fixed  carbon  surface  that  dips  underneath  most  of  Region  9.     Within  the  area  of  the  map 
not  one  important  commercial  oil  field  has  yet  been  found  beyond  this  limit.     A  few  small  gas  fields 
in  the  Appalachian  Basin  do  occur  east  of  this  limiting  line.     In  the  Arkoma  Basin  gas  has  been  found 
in  areas  where  coal  is  of  medium-volatile  bituminous  to  semianthracitic  rank.     This  is  dry  gas,   and 
we  interpret  it  to  be  coalification  gas  that  was  generated  when  coal  seams  and  finely  dispersed  coaly 
material  passed  through  the  higher  stages  of  coal  rank. 
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Fig.   2  -  Regional  relation  of  oil  and  gas  occurrence  to  coal  rank  in  Upper  Paleozoic  strata  of  the 
eastern  United  States. 

The  occurrence  of  dry  gas,   perhaps  in  commercial  amounts,  can  never  be  precluded  in  areas 
where  coals  have  fixed  carbon  above  70  percent  if  sufficient  coaly  material  occurs  in  the  sedimentary 
sequence.    The  later  such  coalification  gas  was  formed,   the  greater  is  the  chance  of  finding  it  trapped 
in  a  large  quantity.    A  good  example  is  the  giant  Dutch  gas  field  of  Groningen:  relatively  recently  the 
Carboniferous  with  its  large  quantities  of  disseminated  coaly  material  and  its  numerous  coal  seams  was 
buried  there  to  depths  more  than  twice  the  depths  of  burial  reached  during  the  Late  Paleozoic  and 
Mesozoic,   and  the  large  amounts  of  gas  that  formed  migrated  upward  into  Permian  sandstones  below 
a  good  cap  (Patijn,    1964).     The  small  Harvey  Lake  gas  field  in  Lackawanna  County,   Pennsylvania 
(Grow,    1964),  where  coals  are  anthracitic  in  rank,   probably  is  another  example  of  dry  high-rank 
coalification  gas.     (Edward  N.  Wilson  directed  our  attention  to  this  field.)    In  rocks  where  coals 
have  reached  anthracitic  rank,   conditions  for  gas  accumulation  are  usually  not  favorable,   for  in  these 
rocks  sandstone  porosities  tend  to  be  low  and  shale  caprock  tends  to  be  fractured. 

The  proposed  portion  of  the  70  percent  fixed  carbon  line  (dashed  in  figure  2)  in  and  around  the 
Mississippi  Embayment  is  based  on  a  number  of  assumptions  that  need  some  explanation.    In  the 
Oklahoma  and  Arkansas  area,   the  line  is  well  defined  only  in  the  northwestern  part  of  Arkansas  (Wash- 
ington County).     From  there,   an  east-west  trend  is  indicated  by  only  one  sample,   in  Newton  County 
(Croneis,    1930).     Farther  east,   near  the  Mississippi  Embayment,  the  fixed  carbon  content  of  seven 
samples  in  Van  Buren  and  Cleburne  Counties  ranges  from  62  to  79  percent  (Croneis,   1930,   carbon 
ratio  map,   p.  362);  one  sample  with  fixed  carbon  of  70  percent  has  29  percent  ash  and  should  there- 
fore be  discounted.    Another  sample  has  an  unusually  low  62  percent  fixed  carbon  content.    The  other 
five  samples  have  an  average  of  74  percent  fixed  carbon.     By  eliminating  the  high  ash  sample  and 
the  sample  with  the  unusually  low  fixed  carbon,   it  was  assumed  that  the  70  percent  fixed  carbon  line 
runs  north  of  Van  Buren  and  Cleburne  Counties,   continuing  its  approximately  west  and  east  trend  along 
the  southern  margin  of  the  Ozark  Uplift. 
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The  next  datum  point  is  in  southern  Illinois.     It  has  been  known  for  many  years  that  within  the 
Illinois  Basin  rank  increases  fairly  regularly  from  northwest  to  southeast.     The  highest  rank  coals, 
known  from  Pope  County  in  southeastern  Illinois,  have  an  average  of  65  percent  fixed  carbon  (9  sam- 
ples),  with  several  samples  around  70  percent.     The  70  percent  fixed  carbon  surface  apparently  just 
touches  southern  Illinois,   as  shown  in  figure  2.     The  Pennsylvanian  coals  of  western  Kentucky  and 
those  from  the  Black  Warrior  Basin  in  Alabama  are  of  high- volatile  bituminous  rank.     The  70  percent 
fixed  carbon  surface  must  therefore  underlie  these  areas  between  part  of  the  Mississippi  Embayment 
area  and  the  known  trend  along  the  Appalachians  (fig.  2). 

Increased  heat  flow  may  have  developed  in  the  western  portion  of  the  Mississippi  Embayment 
when  the  crustal  depression  of  the  Mississippi  Embayment  was  formed  during  the  late  Mesozoic  and 
early  Tertiary.     There  are  many  indications  of  deep-seated  igneous  activity  in  the  western  half  of  the 
Mississippi  Embayment.     Plutonic  rocks  (nepheline  syenite)  crop  out  south  of  Little  Rock,  Arkansas. 
Geophysical  surveys  have  shown  that  they  extend  over  a  much  larger  area  than  is  shown  on  geological 
maps.     Igneous  dikes  have  been  reported  from  within  the  Ouachita  Mountains  west  of  Little  Rock. 
Many  hot  springs  are  also  known  in  this  part  of  Arkansas.     There  are  a  great  number  of  faults,   which, 
with  their  extension  northeastward  from  the  Mississippi  Embayment  into  southern  Illinois,   may  typify 
both  fault  pattern  and  faulting  intensity  in  the  western  half  of  the  Embayment  area.    A  number  of  basic 
igneous  dikes  in  southeastern  Illinois  trend  approximately  perpendicular  to  this  fault  system.    They  seem 
to  have  been  intruded  prior  to  most  of  the  faulting  and  also  predate  the  fluorspar  and  sphalerite  min- 
eralizations of  southern  Illinois  and  western  Kentucky  (Clegg  and  Bradbury,    1956;  Weller,   Grogan, 
and  Tippie,    1952).     Both  the  dike  intrusion  and  the  mineralization  could  be  as  early  as  Permian.    A 
gravity  high  in  southern  Illinois  and  in  the  adjacent  areas  of  Missouri  and  Kentucky,  which  may  in- 
dicate basic  intrusions  at  depth,   also  suggests  abnormally  high  geothermal  activity  in  the  northern 
portion  of  the  Embayment  area. 

Information  on  Paleozoic  strata  within  the  Mississippi  Embayment  is  scarce.     Volcanic  rocks 
have  been  described  from  several  boreholes.     Howard  Schwalb  (in  Bond  etal.,  1971)  delineates  an  area 
of  about  30  miles  in  length  and  six  miles  in  width  as  an  "area  of  probable  igneous  intrusion"  with  two 
dots  giving  the  locations  of  proven  intrusions.     It  is  very  likely  that  this  is  not  the  only  such  igneous 
intrusion  in  the  Embayment  area. 

In  the  absence  of  a  geothermal  anomaly  the  coalification  pattern  in  the  Embayment  area  would 
be  different.     The  70  percent  fixed  carbon  line  would  probably  follow  the  trend  of  the  tectonic  units  as 
shown  on  P.  B.  King'  s  1969  Tectonic  Map  of  North  America.    A  relatively  small  higher-rank  area  would 
occur  in  southern  Illinois  and  probably  extend  a  little  into  the  adjacent  states,    and  the  70  percent 
fixed  carbon  line  running  across  Arkansas  would  cross  the  Mississippi  Embayment  in  a  southeasterly 
direction  from  about  Batesville,  Arkansas,   toward  the  southern  portion  of  the  Black  Warrior  Basin. 

Only  further  study  of  the  coalification  pattern  of  the  area,   especially  by  means  of  rank  de- 
terminations on  phytoclasts,   will  allow  a  decision  to  be  made  between  the  two  alternatives  and  per- 
mit the  construction  of  a  more  definite  picture.     The  use  of  modern  methods  of  rank  determination  on 
as  many  samples  as  are  avilable  should  prove  to  be  very  rewarding  in  terms  of  delineating  the  more 
favorable  prospective  areas  for  hydrocarbons.     If  a  thermal  high  is  indeed  connected  with  a  fault 
system  in  the  western  portion  of  the  Mississippi  Embayment  area,   the  distribution  of  oil  and  gas  might 
be  similar  to  that  around  the  basic  plutonic  intrusion  of  the  Brahmsche  Massif  in  northwestern  Ger- 
many (M.  and  R.  Teichmuller,    1968b).     Oil  fields  in  this  region  are  restricted  to  areas  with  less  than 
6  2  percent  fixed  carbon.     Gas  occurs  in  areas  of  much  higher  ranks  (iso-ranks  are  drawn  on  Cretaceous 
coal;    gas  fields  occur  in  much  deeper,   therefore  higher  rank  Triassic,    Permian,   and  Carboniferous 
rocks),   but  no  commercial  gas  was  found  in  anthracitic  rank  areas  (fig.  3). 

On  the  basis  of  principles  derived  from  this  example,   we  may  suggest  the  following  for  the 
Mississippi  Embayment  area: 

(1)  The  occurrence  of  oil  in  Paleozoic  sediments  will  probably  be  restricted  to  the  eastern  portion 
sissippi,   and  Tennessee. 

(2)  The  potential  for  oil  should  be  poor  in  areas  with  more  than  65  to  70  percent  fixed  carbon 
or  equivalent  rank  values  (table  1).     The  small  oil  pools  around  Aberdeen,    Monroe  County,    Missis- 
sippi,  are  probably  already  within  the  zone  of  decreasing  potential  for  oil,  judging  from  their  small 
size  and  the  predominance  of  gas  over  oil  (Mississippi  Oil  and  Gas  Bull.,  Annual  Reports,    Miss.  State 
Oil  and  Gas  Board).     Samples  from  that  area  should  prove  extremely  useful  in  the  delineation  of  the 
zone  of  decreased  oil  possibilities. 
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Fig.  3  -  Paleogeothermal  pattern  (indicated  by  lines  of  equal  rank  in  Cretaceous  Wealden  Coal)  and 

distribution  of  oil  and  gas  pools  around  the  Bramsche  Massif,   Germany.     Geomagnetic  studies 
indicate  a  basic  pluton  at  depth.     (From  M.   and  R.  Teichmuller,    1968b,   with  permission.) 

(3)    The  areas  around  the  northern  part  of  the  Embayment  in  Illinois,  Kentucky,  western  Ten- 
nessee,  and  the  western  portion  of  the  Black  Warrior  Basin  in  Mississippi  and  Alabama     look  promis- 
ing for  dry  coalification  gas. 
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DISCUSSION  OF  "THE  CARBON  RATIO  RULE 

AND  PETROLEUM  POTENTIAL  IN  NPC  REGION  9" 

by  N.  H.  Bostick  and  H.   H.   Damberger 

Edward  N.  Wilson 
Kentucky  Geological  Survey,   Lexington,  Kentucky 

The  Carbon  Ratio  Rule  has  excellent  general  or  regional  application  in  Kentucky,   as  is  ex- 
emplified by  the  rarity  of  commercial  gas  fields  in  western  Kentucky,   where  the  carbon  ratio  is  rela- 
tively low,   and  by  the  relative  rarity  of  oil  fields  in  eastern  Kentucky,   where  the  carbon  ratio  is 
higher  than  60  in  much  of  the  area.     Eastern  Kentucky  even  supports  the  theory  in  some  detail:     in 
1969,   3,  516,  000  barrels  of  crude  oil  was  produced,  but  nearly  as  great  a  volume  of  natural  gas  liquids 
(3,481,  000  barrels)  was  produced  with  the  gas,  illustrating  the  preponderance  of  low  molecular-weight 
hydrocarbons  in  high  carbon  ratio  areas. 

Yet,  however  good  the  rule  is  in  general,   there  are  a  lot  of  notable  or  thought- provoking  ex- 
ceptions,   some  apparently  regional  in  nature,   others  localized.     The  Harvey  Lake  gas  field  (Grow, 
1964)  in  Lackawanna  County,   Pennsylvania,  for  example,  produced  from  Devonian  sandstones,  which 
are  presumably  more  affected  by  temperature  or  time  than  Pennsylvanian  coals.     If  the  anthracites  of 
the  neighborhood  were  produced  by  regional  metamorphism,   it  is  hard  to  understand  this  occurrence 
of  gas.     Similarly,   the  igneous  or  hydrothermal  activity  of  the  Illinois-Kentucky  fluorspar  district 
must  be  considered  a  localized  but  significant  phenomenon:     shows  of  oil  and  gas  are  found  in  min- 
eralized localities  (supporting  the  rule)  but  oil  pools  unaffected  by  this  igneous  or  hydrothermal  ac- 
tivity occur  in  adjacent  counties.     It  is  worthy  of  remark  that  a  sill  was  penetrated  by  an  oil  test  on 
Omaha  Dome  in  Gallatin  County;  yet  the  county  itself  is  an  important  oil  producer  in  Illinois.    The 
occurrence  of  igneous  material  should  not  be  overlooked;  but  its  importance  should  not  be  over- 
stressed. 

There  may  be  a  significant  practical  application  of  carbon  ratio  data  for  petroleum  engineers. 
In  eastern  Kentucky,  waterflooding  has  been  difficult  in  the  Weir  (Osage  age)  of  Oil  Springs-Martha 
field  and  so  far  has  been  ineffective  in  the  Berea  (Kinderhook  age)  of  Louisa  field,    apparently  be- 
cause of  a  special  mobility  problem,   which  may  be  a  result  of  a  fractionation  of  hydrocarbons  by  in- 
creased temperatures,   signaled  by  the  local  carbon  ratios. 

The  extrapolation  of  isocarbs  is  potentially  an  important  tool;  but  it  may  present  a  serious  in- 
terpretational  problem  in  geology  rather  than  a  simple  geometric  or  geographical  exercise.    Although 
the  Appalachian  structures  continue  southwest  under  the  coastal  plain  sediments  very  distant  from 
the  abrupt  eastward  end  of  the  Ouachita  structural  province,   the  similarity  of  geology  suggests  a  past 
contiguity,   possibly  severed  by  differential  drift  of  substantial  continental  plates.    If  this  hypothesis 
is  correct,   almost  any  projection  of  isocarbs  across  the  Pascola  Arch  and  the  Cincinnati  Arch  to  the 
Black  Warrior  Basin  or  to  the  Appalachian  Basin  must  be  regarded  as  a  very  tentative  and  rebuttable 
presumption  in  any  exploration  effort  in  these  regions.     Light-colored  spores  in  the  Chattanooga  or 
New  Albany  Shale  would  condemn  a  high-level  isocarb  projected  through  the  occurrence. 
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SUMMATION  AND  CONCLUDING  REMARKS* 

L.  L.  Sloss 
Northwestern  University,   Evanston,   Illinois 

We  have  two  major  prospects,  quite  different  from  one  another,   for  the  future  of  Region  9.    One 
is  for  continued  shallow  drilling  in  areas  where  an  increase  in  knowledge  increases  the  number  of 
questions  and  opportunities.    In  order  to  seize  the  opportunities,  we  are  going  to  have  to  engage  in 
extremely  detailed  sample  study  and  to  use  all  the  geophysical  and  geological  tools  that  are  available. 
One  hundred  years  of  experience  has  produced  such  a  tremendous  volume  of  information  (and  each 
new  hole  adds  to  this  accumulation)  that  I  would  anticipate  refinements  and  continued  progress  in  the 
art  of  finding  oil  in  the  Pennsylvanian  and  Mississippian  of  the  Illinois  Basin  and  the  Cincinnati  Arch 
region. 

It  is  important  that  the  level  of  interest  in  and  concern  for  and  competence  in  this  region  be 
maintained  because  the  future  oil  here  is  going  to  be  an  extraordinarily  valuable  commodity,  the  limit 
on  pricing  is  inevitably  going  to  be  raised,   and  some  of  the  prospects  that  are  now  considered  margi- 
nal are  suddenly  going  to  look  very  interesting.    But  these  opportunities  will  be  lost  if  nobody  is 
around  who  is  familiar  with  the  great  accumulation  of  information  about  this  region. 

Besides  petroleum  exploration,  there  are  other  lines  of  endeavor  for  which  oil  people  who  are 
trained  in  geology  or  in  engineering  are  uniquely  suited.    These  activities  involve  such  fields  as 
fluid  dynamics,    sedimentary  petrology,   and  structure.     I  foresee  an  enormous  requirement  in  the  next 
decades  not  just  for  employment,  but  for  exciting  employment,  inthese  lines  of  work  for  geologists  of 
all  types. 

To  get  back  to  the  shallow  drilling  that  I  was  talking  about,   this  first  "level"  of  drilling  has 
a  very  limited  chance  of  encountering  a  giant  oil  field  in  this  region,  but  profitable  midgets  are  going 
to  continue  to  be  found  for  quite  a  long  time. 

The  other  prospect  for  the  future,  which  is  really  relatively  new  to  this  region,  is  for  true  giant- 
hunting  in  the  deeper  part  of  the  Illinois  Basin  and  farther  to  the  south  into  the  Mississippi  Embayment. 
Here  we  can' t  simply  transfer  the  concepts  that  have  been  so  successfully  employed  in  the  Cincinnati 
Arch  area  and  in  the  younger  Paleozoic  of  the  Eastern  Interior  Basin  and  use  them,  except  where  the 
same  conditions  prevail,   as  may  be  the  case  for  the  Chester  in  the  Rough  Creek  Fault  Zone  and  to 
the  south;  after  all,   Chester  production  goes  all  the  way  down  into  Mississippi  without  much  change. 
But  the  giants  are  going  to  be  located  by  an  entirely  different  scale  of  thinking.    I  think  this  southern 
region  has  analogies  with  embayment  basins  in  the  southern  midcontinent  and  perhaps  in  the  Gulf 
Coast,  as  well  as  in  many  of  the  offshore  regions  that  are  being  explored  today.     I  don' t  see  a  great 
difference  between  the  Mississippi  Embayment  and  the  Gulf  of  St.  Lawrence,   and  the  Grand  Banks  for 
that  matter,  except  that  the  Embayment  is  drier  and  although  the  land  is  more  expensive,   it  is  easier 
for  you  to  get  on  location. 

The  Rough  Creek  Fault  Zone  and  its  continuance  have,   again,   possibilities  that  my  fellow 
speakers  have  alluded  to  frequently.     Some  of  you  have  recently  suggested  that  an  enormous  volume 
of  data  has  to  be  gathered  and  explored  and  integrated  and  assimilated  before  we  can  speak  with  any 
great  maturity  on  that  fault  zone  region.    This  is  true,  but  if  you  look  at  certain  oil-producing  areas 
where  potential  source  and  reservoir  rocks  have  been  chopped  up  by  faulting,  you  have  reason  for 
continued  optimism  regarding  the  Rough  Creek  Fault  area. 

As  far  as  specific  problems  are  concerned,  we  need  a  basis  for  analyzing  the  products  of 
seismic  profiling  in  regions  that  we  know  very  little  about  now.    We  have  no  basis  really  for  predicting 
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velocities  and  velocity  contrasts  in  the  great  unknown  Embayment  area.     The  stratigraphy  here  is  per- 
haps less  well  known,  right  now,   than  that  of  the  moon,  but  I  feel  sure  that  within  the  next  ten  years 
we  are  going  to  learn  a  tremendous  amount  about  it,    some  of  which  will  be  very  surprising  and  some 
highly  routine.     But  if  this  area  of  the  deepest  part  of  the  Basin  and  the  Embayment  behaves  as  other 
embayments  on  the  margins  of  continents  have  behaved,  you  can  expect  that  much  of  the  stratigraphy 
will  be  different  from  that  with  which  you  are  so  familiar  around  the  flanks  of  the  area,  whether  on  the 
Nashville  Dome  to  the  east  or  on  the  flanks  of  the  Ozarks  to  the  west  or  in  the  exposures  in  the  shal- 
low parts  of  the  Illinois  Basin  proper.    If  this  huge  pile  of  sediments  resembles  the  sediments  in  other 
embayments,   facies  may  change  very  markedly  from  the  margins  to  the  central  part.    These  facies 
changes  may  be  very,   very  rapid,   making  prediction  hazardous;  but  nothing  is  quite  as  good  for  oil 
accumulation  as  a  variety  of  environments  close  to  one  another,   rapidly  shifting  in  time,   and  repre- 
sented by  closely  spaced  rocks  of  varying  source  and  reservoir  potential.    Whether  these  facies  be 
dolomitization  trends,   reefs,  banks,    sands,   or  what  have  you,  there1  s  a  whole  new  world  waiting 
there. 

And  with  that  thought  let  me  again  thank  you  on  behalf  of  this  panel  and  let  me  thank  the  panel 
as  a  group  and  individually  for  their  assistance  here.    I  think  this  has  been  an  excellent  meeting  and 
I  look  forward  to  many  more. 
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